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Pdunhw Vl}h Pdwwhuv
Mh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Devwudfw
Wklv sdshu fkdudfwhul}hv wkh rujdql}dwlrq ri wkh X1V1 uhwdlo wudgh
vhfwru e| frpsdulqj hvwdeolvkphqw vl}hv dqg qxpehuv dfurvv flwlhv
zlwk glhuhqw srsxodwlrqv1 Lq prvw wzr gljlw uhwdlo wudgh lqgxvwulhv/
odujh flwlhv kdyh odujhu hvwdeolvkphqwv exw ihzhu hvwdeolvkphqwv shu
fdslwd wkdq gr vpdoo flwlhv1 Wkhvh revhuydwlrqv duh lqfrqvlvwhqw zlwk
iuhh hqwu| prghov zkhuh pdunxsv duh lqghshqghqw ri wkh qxpehu ri
surgxfhuv1 Prghov lq zklfk dgglqj frpshwlwruv uhgxfhv pdunxsv fdq
uhsurgxfh wkhvh uhvxowv1
MHO Fodvvlfdwlrq= O44/ O49/ O;4
￿Xqlyhuvlw| ri Fklfdjr dqg QEHU
|Xqlyhuvlw| ri Urfkhvwhu dqg Xqlyhuvlgdg Wrufxdwr GlWhood
}Zh wkdqn Ylfwru Djxluuhjhjdeluld/ Hulf Kdqxvkhn/ Vdulw Pdunrylfk dqg qxphurxv
vhplqdu sduwlflsdqwv iru wkhlu lqvljkwixo frpphqwv rq suhylrxv gudiwv ri wklv sdshu1 Hplq
Glqohuvr} surylghg h{shuw uhvhdufk dvvlvwdqfh1 Pxfk ri wklv uhvhdufk zdv frpsohwhg zkloh
Fdpsehoo ylvlwhg wkh Eudgoh| Fhqwhu iru Srolf| Uhvhdufk dw wkh Xqlyhuvlw| ri Urfkhvwhu*v
Zlooldp H1 Vlprq Judgxdwh Vfkrro ri Exvlqhvv1 Zh wkdqn wkdw lqvwlwxwlrq iru lwv jhqhu0
rxv uhvhdufk vxssruw1 Wkh Qdwlrqdo Vflhqfh Irxqgdwlrq vxssruwhg Fdpsehoo*v uhvhdufk
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Wklv sdshu fkdudfwhul}hv wkh rujdql}dwlrq ri wkh X1V1 uhwdlo wudgh vhfwru e|
frpsdulqj uhwdlo hvwdeolvkphqw vl}hv dqg qxpehuv dfurvv flwlhv zlwk glhuhqw
srsxodwlrqv1 Li lqglylgxdov* ghpdqg fxuyhv iru uhwdlo wudgh vhuylfhv gr qrw
ghshqg gluhfwo| rq flw| vl}h/ wkhuh duh d odujh qxpehu ri lghqwlfdo srwhqwldo
hqwudqwv/ dqg surgxfhuv wdnh sulfhv dv jlyhq/ dv lq Krshqkd|q*v +4<<5, frp0
shwlwlyh lqgxvwu| g|qdplfv prgho/ wkhq odujh dqg vpdoo flwlhv* uhwdlo wudgh
lqgxvwulhv vkrxog glhu rqo| lq wkh qxpehuv ri hvwdeolvkphqwv wkh| vxssruw/
zklfk zloo eh sursruwlrqdo wr wkhlu srsxodwlrqv1 Zrolqvn|*v +4<;9, dqg Ilvk0
pdq dqg Ure*v +4<<;, iuhh hqwu| prghov ri frqvxphu vhdufk dqg prqrsrolvwlf
frpshwlwlrq ehwzhhq odujh qxpehuv ri surgxfhuv vkduh wkhvh suhglfwlrqv1
Wkh frpprq fkdudfwhulvwlf gulylqj wkhvh uhvxowv lv wkh lqyduldqfh ri sur0
gxfhuv* srvwhqwu| frqgxfw wr wkh qxpehu ri frpshwlwruv1 Li frpshwlwlrq
ehfrphv wrxjkhu dqg pdunxsv idoo zlwk wkh dgglwlrq ri qhz surgxfhuv/ dv
lq Frxuqrw frpshwlwlrq/ wkhq wkh qxpehu ri fxvwrphuv shu surgxfhu pxvw
lqfuhdvh zlwk flw| srsxodwlrq1 Rwkhuzlvh/ surgxfhuv* yduldeoh surwv zrxog
idlo wr fryhu wkhlu {hg frvwv1 Lq wklv fdvh/ surgxfhuv* dyhudjh rxwsxw pxvw
dovr ulvh zlwk flw| srsxodwlrq ehfdxvh wkh| vhuyh pruh fxvwrphuv dqg fkdujh
orzhu sulfhv1 Wkhvh glhulqj wkhruhwlfdo suhglfwlrqv ri pdunhw vl}h*v lpsdfw
rq surgxfhu qxpehuv dqg vl}hv prwlydwhv rxu hpslulfdo lqyhvwljdwlrq1
Rxu sulpdu| vrxufh ri revhuydwlrqv ri uhwdlo wudgh lqgxvwulhv lv wkh 4<<5
Fhqvxv ri Uhwdlo Wudgh +FUW,/ zklfk uhsruwv wkh qxpehu ri rshudwlqj hv0
wdeolvkphqwv/ wkh ydoxh ri wkhlu vdohv/ dqg wkhlu wrwdo hpsor|phqw iru hdfk
wzrgljlw lqgxvwu| lq hdfk phwursrolwdq vwdwlvwlfdo duhd +PVD,/ zklfk zh
lghqwli| zlwk d pdunhw1 Zh uhjuhvv wkh qxpehu ri hvwdeolvkphqwv shu fdslwd
dqg wkhlu dyhudjh hpsor|phqw dqg vdohv djdlqvw wkh PVD*v srsxodwlrq dqg
d vhw ri frqwuro yduldeohv1 Rxu frqwuro yduldeohv dffrxqw iru idfwru sulfh gli0
ihuhqfhv/ surgxfwlyh vslooryhuv iurp xuedql}dwlrq/ uhfhqw jurzwk h{shulhqfhv/
dqg ghprjudsklf glhuhqfhv1 Dowkrxjk rxu vhw ri frqwuro yduldeohv lv h{whq0
vlyh/ lw grhv kdyh lwv vkruwfrplqjv1 Iru h{dpsoh/ rqh srwhqwldoo| uhohydqw
plvvlqj yduldeoh wkdw pd| ydu| zlwk flw| vl}h lv wkh frvw ri dgyhuwlvlqj1 Rxu
uhjuhvvlrq uhvxowv vkrxog eh lqwhusuhwhg zlwk wkh fdyhdw wkdw vrph srwhqwldoo|
lqwhuhvwlqj uhohydqw yduldeohv duh xqdydlodeoh wr xv1
Lq wkh uhjuhvvlrqv iru prvw wzr0gljlw lqgxvwulhv/ PVD srsxodwlrq lv vwd0
wlvwlfdoo| vljqlfdqw1 Iljxuhv 4 dqg 5 duh uhsuhvhqwdwlyh ri rxu uhvxowv1 Iru
rxu vdpsoh ri 2b. PVD*v/ Iljxuh 4 sorwv hvwdeolvkphqwv shu fdslwd lq VLF
8:/ Dssduho dqg Dffhvvru| Vwruhv/ djdlqvw PVD srsxodwlrq1 Erwk yduldeohv
5duh h{suhvvhg lq orjdulwkpv dqg duh wkh uhvlgxdov iurp uhjuhvvlrqv djdlqvw
d frqvwdqw dqg rxu frqwuro yduldeohv1 Wkh jxuh glvsod|v d fohdu whqghqf|
iru wkh qxpehu ri Dssduho dqg Dffhvvru| Vwruhv shu fdslwd wr ghfolqh zlwk
PVD srsxodwlrq1 Wkh fruuhvsrqglqj uhjuhvvlrq olqh/ dovr sorwwhg rq Iljxuh
4/ kdv d vorsh ri ffbH1 Wkh dvvrfldwhg |vwdwlvwlf htxdov eSf1L q u h w d l o
wudgh dv d zkroh dqg qlqh ri lwv whq wzr gljlw lqgxvwulhv/ zh hvwlpdwh vlpl0
odu/ vwdwlvwlfdoo| vljqlfdqw/ qhjdwlyh frh!flhqwv1 Wr jdxjh wkh pdjqlwxgh ri
srsxodwlrq*v hvwlpdwhg lpsdfw rq Dssduho dqg Dffhvvru| Vwruhv shu fdslwd/
lw lv khosixo wr frpsduh wkh uhjuhvvlrq*v suhglfwlrqv iru wzr flwlhv/ rqh zlwk
wkh srsxodwlrq ri Urfkhvwhu/ Qhz \run +cfS2ce.f, dqg wkh rwkhu zlwk wkh
srsxodwlrq ri Ghwurlw/ Plfkljdq +ec2SScSDe,/ zklfk duh rwkhuzlvh lghqwlfdo1
Wkh hvwlpdwhg frh!flhqw lpsolhv wkdw hvwdeolvkphqwv shu fdslwd vkrxog eh
2.I orzhu lq wkh odujhu flw| frpsduhg wr wkh vpdoohu1￿
Iljxuh 5 lv dqdorjrxv wr Iljxuh 4/ h{fhsw wkh orjdulwkp ri dyhudjh hvwde0
olvkphqw vl}h/ phdvxuhg zlwk wkh ydoxh ri vdohv shu hvwdeolvkphqw/ uhsodfhv
hvwdeolvkphqwv shu fdslwd12 Wklv jxuh glvsod|v d srvlwlyh uhodwlrqvkls eh0
wzhhq hvwdeolvkphqw vl}h dqg PVD srsxodwlrq1 Wkh uhjuhvvlrq olqh kdv d
vorsh ri ff.b zlwk d |vwdwlvwlf ri De1 Djdlq frpsdulqj rxu k|srwkhwlfdo
flwlhv zlwk wkh srsxodwlrqv ri Urfkhvwhu dqg Ghwurlw/ wkh uhjuhvvlrq suhglfwv
wkdw vdohv shu vwruh vkrxog eh SI juhdwhu lq wkh odujhu flw|1￿ Dowkrxjk rxu
vshflf hvwlpdwhv ydu| dfurvv wkh uhpdlqlqj wzr gljlw lqgxvwulhv/ wkrvh iurp
Dssduho dqg Dffhvvru| vwruhv txdolwdwlyho| uhvhpeoh prvw ri wkhp1 Rqo| rqh
ri wkh hvwlpdwhg frh!flhqwv rq PVD srsxodwlrq lv qhjdwlyh/ dqg vl{ ri wkrvh
wkdw duh srvlwlyh duh vwdwlvwlfdoo| vljqlfdqw1
Iru wkh sxusrvh ri fkdudfwhul}lqj dq hqwluh vhfwru ri wkh hfrqrp| udwkhu
wkdq d sduwlfxodu lqgxvwu|/ wkh Fhqvxv ri Uhwdlo Wudgh*v euhdgwk dqg xqliru0
plw| dfurvv lqgxvwulhv dqg jhrjudsk| duh fohduo| hvvhqwldo1 Wr wkh ehvw ri rxu
nqrzohgjh/ qr rwkhu gdwd vhw zlwk vlplodu fkdudfwhulvwlfv h{lvwv1 Wkh uhwxuq
wr wdnlqj vxfk d uhodwlyho| eurdg ylhz ri orfdo uhwdlo frpshwlwlrq lv wkh zlgh
dssolfdelolw| ri rxu uhvxowv1 Wkh frvw ri grlqj vr lv wkdw zh duh xqdeoh wr
uhqh rxu revhuydwlrqv xvlqj lqgxvwu| vshflf ghwdlov1
Rqh qrwdeoh vkruwfrplqj ri wkh Fhqvxv ri Uhwdlo Wudgh lv wkdw lw uhsruwv
qr lqirupdwlrq rq hvwdeolvkphqwv* up d!oldwlrqv dw wkh vwdwh/ frxqw|/ ru
PVD ohyho1 Dowkrxjk pdq| prghov ri uhwdlo frpshwlwlrq pdnh wkh vlpsol0
i|lqj dvvxpswlrq wkdw dq hvwdeolvkphqw*v up d!oldwlrq lv luuhohydqw/ wkh
frqyhuvh lv fohduo| wuxh lq wkh gdwd1 Lq Irrg Vwruhv/ iru h{dpsoh/ wkh dyhudjh
vdohv ri hvwdeolvkphqwv ehorqjlqj wr pxowlhvwdeolvkphqw upv duh S wlphv
kljkhu wkdq wkh dyhudjh vdohv ri vlqjoh hvwdeolvkphqw upv1 Krzhyhu/ SSI
6ri hvwdeolvkphqwv lq Irrg Vwruhv ehorqj wr vxfk vpdoo vlqjoh hvwdeolvkphqw
upv1e
Irrg Vwruhv lv rqh ri wkh lqgxvwulhv zkhuh zh qg zhdn hhfwv ri PVD
srsxodwlrq rq dyhudjh hvwdeolvkphqw vdohv dqg hpsor|phqw1 Rqh srwhqwldo
h{sodqdwlrq iru wklv lv wkdw rqo| frqgxfw dw hvwdeolvkphqwv rzqhg e| odujh/
grplqdqw upv glhuv dfurvv glhuhqw vl}hg pdunhwv1 Lq wklv fdvh/ wkh
suhvhqfh ri d vl}hdeoh frpshwlwlyh iulqjh uhgxfhv wkh uhvsrqvh ri dyhudjh
hvwdeolvkphqw vl}h wr wkhvh fkdqjhv ehorz zkdw lw zrxog eh li wkh iulqjh zhuh
uhpryhg iurp wkh gdwd vhw1 Rxu uhvxowv iurp VLF 86/ Jhqhudo Phufkdqglvh
Vwruhv/ vxssruwv wklv wkhru|1 Lq wkdw lqgxvwu|/ vlqjoh hvwdeolvkphqw upv df0
frxqw iru rqo| 2.I ri hvwdeolvkphqwv dqg zh qg yhu| vwurqj hhfwv ri pdunhw
vl}h rq hvwdeolvkphqwv* dyhudjh vl}hv dqg qxpehuv1 Pruh wkrurxjk h{dplqd0
wlrq ri wklv k|srwkhvlv pxvw dzdlw wkh ghyhorsphqw ri uhwdlo wudgh gdwd vhwv
wkdw lqfoxgh fkdudfwhulvwlfv ri hvwdeolvkphqwv dqg wkhlu sduhqw upv/ vxfk dv
wkh Exuhdx ri wkh Fhqvxv*v iruwkfrplqj Orqjlwxglqdo Exvlqhvv Gdwdedvh1
Rxu xvh ri revhuydwlrqv ri hvwdeolvkphqw qxpehuv sodfhv xv lq wkh irrw0
vwhsv ri suhylrxv zrun zklfk dwwhpswv wr lqihu wkh qdwxuh ri frpshwlwlrq
ehwzhhq vpdoo jurxsv ri surgxfhuv lq orfdo pdunhwv iurp wkhlu revhuyhg hqwu|
dqg h{lw ghflvlrqv1 Ehuu| +4<<5, hydoxdwhv dluolqhv* frvwv ri hqwu| e| revhuylqj
wkhlu suhylrxv dlusruw suhvhqfh dqg hqwu| ghflvlrqv1 Fkhydolhu +4<<8, phd0
vxuhv wkh lpsdfw ri upv* qdqfldo ghflvlrqv rq surgxfw pdunhw frpshwlwlrq
e| grfxphqwlqj vxshupdunhw upv* hqwu| dqg h{lw uhvsrqvhv wr fkdqjhv lq d
ulydo*v qdqfldo ohyhudjh1 Xqolnh wkhvh sdshuv/ zh xvh rqo| djjuhjdwh gdwd iru
hdfk PVD/ vr zh fdq vd| qrwklqj derxw wkh hqwu| dqg frqgxfw ri lqglylgxdo
surgxfhuv1
Iru wkuhh vhuylfh lqgxvwulhv dqg wzr uhwdlo wudgh lqgxvwulhv lq d vdpsoh
ri lvrodwhg uxudo wrzqv/ Euhvqdkdq dqg Uhlvv +4<<4, irxqg wkdw wkh qxpehu
ri frqvxphuv lq d pdunhw qhfhvvdu| wr vxssruw wkh hqwu| ri  upv juhz
dssur{lpdwho| olqhduo| zlwk  iru  juhdwhu wkdq wzr ru wkuhh1 Wkhlu lqwhu0
suhwdwlrq ri wklv uhvxow lv wkdw frpshwlwlyh frqgxfw fkdqjhv olwwoh zlwk hqwu|1
Wkh dssduhqw frqwudglfwlrq ehwzhhq wkhvh uhvxowv dqg rxuv iru pxfk odujhu
pdunhwv fdq eh sduwldoo| uhvroyhg li zh orrn pruh forvho| dw wkh sduwlfxodu
uhwdlo wudgh lqgxvwulhv/ guxjjlvwv dqg wluh ghdohuv/ wkdw Euhvqdkdq dqg Uhlvv
frqvlghu1 Guxj Vwruhv lv wkh rqo| wzr gljlw lqgxvwu| iru zklfk zh idlo wr qg
vwdwlvwlfdoo| vljqlfdqw hhfwv ri pdunhw vl}h rq hvwdeolvkphqwv shu fdslwd/
dowkrxjk wkh uhohydqw |vwdwlvwlf lv yhu| forvh wr wkh DI fulwlfdo ydoxh1 Wkh
wzrgljlw lqgxvwu| wr zklfk wluh ghdohuv ehorqj/ Dxwrpreloh Ghdohuv/ glvsod|v
vljqlfdqw vl}h hhfwv1 Zkhq zh uhshdw rxu dqdo|vlv iru wluh ghdohuv* sduhqw
7wkuhh0gljlw lqgxvwu|/ Dxwr dqg Krph Vxsso| Vwruhv/ zh qg qr pdunhw vl}h hi0
ihfwv rq hlwkhu hvwdeolvkphqwv shu fdslwd ru dyhudjh hvwdeolvkphqw vl}h1 Wkxv/
lw dsshduv wkdw wluh ghdohuv lv dq h{fhswlrq wr wkh jhqhudo uxoh wkdw pdunhw
vl}h pdwwhuv lq uhwdlo wudgh1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq xvhv
d fdqrqlfdo wzr vwdjh iuhh hqwu| prgho ri frpshwlwlrq wr looxvwudwh krz wkh
frpsdudwlyh vwdwlfv ri hvwdeolvkphqw qxpehuv dqg vl}hv zlwk uhvshfw wr pdu0
nhw vl}h fdq uh hfw wkh qdwxuh ri srvwhqwu| frpshwlwlrq1 Vhfwlrq 6 ghvfulehv
rxu gdwd vrxufhv dqg hfrqrphwulf surfhgxuhv1 Vhfwlrq 7 suhvhqwv wkh sdshu*v
olqhdu uhjuhvvlrq hvwlpdwhv/ dqg Vhfwlrq 8 frpsduhv rxu uhvxowv zlwk Euhvqd0
kdq dqg Uhlvv*v +4<<4, lq pruh ghwdlo1 Ehfdxvh vrph lqwhuhvwlqj lpshuihfw
frpshwlwlrq prghov suhglfw wkh lpsdfw ri pdunhw vl}h rq hvwdeolvkphqw vl}hv
dqg qxpehuv wr glplqlvk iru odujh pdunhwv/ wkh dvvxpswlrq wkdw wkh uhjuhv0
vlrq ixqfwlrq lv olqhdu pd| eh lqdssursuldwh1 Lq Vhfwlrq 9 zh dgguhvv wklv e|
frqvlghulqj wkh urexvwqhvv ri rxu uhvxowv wr hvwlpdwlqj d vhplolqhdu uhjuhvvlrq
ixqfwlrq/ zklfk lv olqhdu lq wkh frqwuro yduldeohv exw dq duelwudu| ixqfwlrq ri
PVD srsxodwlrq1 Vhfwlrq : rhuv frqfoxglqj uhpdunv dqg glvfxvvhv xvhixo
gluhfwlrqv iru ixwxuh uhvhdufk1
5 D Fdqrqlfdo Prgho ri Frpshwlwlrq
Ehiruh surfhhglqj zlwk wkh hpslulfdo dqdo|vlv/ lw lv khosixo wr xvh d fdqrql0
fdo iuhh hqwu| prgho ri frpshwlwlrq wr looxvwudwh zkdw fdq eh ohduqhg derxw
surgxfhuv* lqwhudfwlrqv dqg frqgxfw iurp rxu uhjuhvvlrqv1 Wrzdugv wkdw hqg/
frqvlghu d v|pphwulf prgho ri frpshwlwlrq ehwzhhq  upv vhuylqj dq PVD
zlwk 7 frqvxphuv1 Wkh PVD*v frqvxphuv kdyh lghqwlfdo grzqzdug vorslqj
ghpdqg fxuyhv/ ( ER1 Wkh upv kdyh dffhvv wr d frpprq surgxfwlrq whfk0
qrorj| zklfk glvsod|v frqvwdqw pdujlqdo frvw S1 Wr pds wkh suhglfwlrqv ri
wklv prgho lqwr rxu gdwd/ zh dvvxph wkdw hdfk up rshudwhv d vlqjoh hvwde0
olvkphqw1 Wr hpskdvl}h wklv dvvxpswlrq/ zh khuhdiwhu uhihu wr wkhvh upv dv
hvwdeolvkphqwv1 Zh ghihu d glvfxvvlrq ri wklv dvvxpswlrq*v dffxudf| iru X1V1
uhwdlo wudgh lqgxvwulhv xqwlo Vhfwlrq 61
Udwkhu wkdq h{solflwo| prgho wkh lqwhudfwlrqv ehwzhhq hvwdeolvkphqwv/
zh vlpso| dvvxph wkdw d v|pphwulf Qdvk htxloleulxp h{lvwv lq zklfk 7*




( EREERE  Sc
zkhuh RE lv wkh frpprq htxloleulxp rxwsxw sulfh1 Iru vlpsolflw|/ zh dv0
vxph wkdw ( ER lv frqfdyh/ vr wkdw yduldeoh surwv duh d ghfuhdvlqj ixqfwlrq
ri wkh sulfh iru doo sulfhv ehorz wkh xqltxh prqrsro| sulfh1 Zh dovr dv0
vxph wkdw wkh htxloleulxp sulfh RE lv ohvv wkdq wkh prqrsro| sulfh dqg
lv d zhdno| ghfuhdvlqj ixqfwlrq ri 1 Qrwh wkdw wkh dvvxpswlrq wkdw d
frpprq htxloleulxp rxwsxw sulfh h{lvwv grhv qrw suhvxssrvh wkdw hvwdeolvk0
phqwv frpshwh lq sulfhv ru vhoo krprjhqhrxv jrrgv1 Wkh dvvxpswlrq wkdw
wkh htxloleulxp sulfh rqo| ghshqgv rq  dqg qrw rq 7 lv dssursuldwh jlyhq
rxu dvvxpswlrqv ehfdxvh 7 dhfwv surwv pxowlsolfdwlyho| dqg vr vkrxog kdyh
qr lpsdfw rq srvwhqwu| ehkdylru1
Wkh qxpehu ri dfwlyh hvwdeolvkphqwv/ / lv ghwhuplqhg lq d jdph ri iuhh
hqwu|1 Vshflfdoo|/ wkhuh lv d odujh qxpehu ri lghqwlfdo srwhqwldo hqwudqwv wkdw
vlpxowdqhrxvo| pdnh wkhlu hqwu| ghflvlrqv1 Wkrvh wkdw gr qrw hqwhu uhfhlyh
d sd|r ri }hur/ zkloh wkrvh wkdw gr hqwhu sd| wkh {hg frvw/ 8/d q gw k h q
froohfw wkh srvwhqwu| yduldeoh surwv1 Htxloleulxp lq wkh iuhh hqwu| jdph




( EREERE  S +4,
Wklv vwdwhphqw ri wkh iuhh hqwu| frqglwlrq fohduo| ljqruhv wkh frqvwudlqw wkdw
 eh dq lqwhjhu1 Wklv zrxog eh sureohpdwlf zkhq vwxg|lqj vpdoo pdunhwv
zlwk ihz hvwdeolvkphqwv/ exw lw vkrxog surylgh dq dffhswdeoh dssur{lpdwlrq
iru wkh odujh pdunhwv zh frqvlghu1 Ehfdxvh yduldeoh surwv duh vwulfwo| gh0
fuhdvlqj lq  jlyhq 7/ wkhuh lv d xqltxh  wkdw vdwlvhv Htxdwlrq 41 Li zh
ghqh Z E wr eh hdfk hvwdeolvkphqw*v yduldeoh surwv shu fxvwrphu/ wkhq





Jlyhq rxu dvvxpswlrqv/ Z E lv d ghfuhdvlqj ixqfwlrq ri 1
Rxu uhjuhvvlrqv surylgh hvwlpdwhv ri wkh hodvwlflw| ri hvwdeolvkphqwv shu
fdslwd zlwk uhvshfw wr wrwdo srsxodwlrq1 Lq wklv vlpsoh prgho zh fdq fdofxodwh
wklv hodvwlflw| e| dsso|lqj wkh lpsolflw ixqfwlrq wkhruhp wr Htxdwlrq 51 Li zh
9ghqh # E wr eh wkh hodvwlflw| ri surwv shufxvwrphu zlwk uhvshfw wr /







Ehfdxvh # E lv zhdno| qhjdwlyh/ wklv hodvwlflw| pxvw dovr eh vr dqg eh
juhdwhu wkdq 1 Lq Zrolqvn|*v +4<;9, prgho ri odujh jurxs prqrsrolvwlf
frpshwlwlrq/ htxloleulxp surwv shufxvwrphu duh lqyduldqw wr wkh qxpehu
ri hvwdeolvkphqwv1 Wkhuhiruh/ wklv hodvwlflw| htxdov }hur dqg wkh qxpehu ri
hqwudqwv pxvw eh sursruwlrqdo wr wkh qxpehu ri frqvxphuv1 Lq Vdors*v +4<:<,
prgho ri frpshwlwlrq rq wkh flufoh/ wkh dgglwlrq ri rqh hvwdeolvkphqw pdnhv
doo surgxfhuv* jrrgv pruh vxevwlwxwdeoh zlwk hdfk rwkhu/ vr pdunxsv idoo1 Lq
wklv fdvh # E lv vwulfwo| qhjdwlyh/ dqg wkh qxpehu ri hvwdeolvkphqwv shu
fdslwd idoov zlwk srsxodwlrq1 Zlwklq wkh frqwh{w ri wklv vlpsoh iudphzrun/
rxu uhjuhvvlrqv glvfulplqdwh ehwzhhq prghov zkhuh # E htxdov }hur dqg
prghov zkhuh # E lv vwulfwo| qhjdwlyh e| hvwlpdwlqj Htxdwlrq 6*v ohiw kdqg
vlgh1
Rxu uhjuhvvlrqv dovr surylgh hvwlpdwhv ri hvwdeolvkphqwv* dyhudjh vdohv
hodvwlflw| zlwk uhvshfw wr wrwdo srsxodwlrq1 Wr ghprqvwudwh wkdw wklv hodvwlflw|
lv dozd|v srvlwlyh lq wklv prgho/ ghqrwh wkh txdqwlw| vrog e| rqh surgxfhu







Vr hdfk surgxfhu*v srvwhqwu| surw htxdov wkh surgxfw ri lwv vdohv* ydoxh zlwk
wkh shufhqwdjh sulfhfrvw pdunxs1 Ehfdxvh RE lv ghfuhdvlqj lq  dqg 
lv lqfuhdvlqj lq 7/ wkh sulfhfrvw pdunxs pxvw ghfuhdvh zlwk 71 Wr rvhw
wklv/ vdohv* ydoxh pxvw eh lqfuhdvlqj lq 71 Wkdw lv/ li zh wdnh orjdulwkpv ri







Djdlq/ zlwklq wkh frqwh{w ri wklv iudphzrun/ rxu uhjuhvvlrqv doorz xv wr
lqihu krz htxloleulxp pdunxsv fkdqjh zlwk srsxodwlrq/ dowkrxjk wkh| whoo
xv qrwklqj derxw pdunxsv* ohyhov1
:6G d w d V r x u f h v
Iru rxu hpslulfdo dqdo|vlv/ zh zlvk wr fkdudfwhul}h wkh iroorzlqj olqhdu uh0
juhvvlrq ixqfwlrq1
+ ' qf n qrr n q
￿
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Wkh ghshqghqw yduldeoh/ +/ lv d fkdudfwhulvwlf ri d sduwlfxodu uhwdlo wudgh
lqgxvwu| lq d sduwlfxodu PVD/ iru h{dpsoh wkh orjdulwkp ri Dssduho dqg
Dffhvvru| Vwruhv* dyhudjh vdohv lq Ghwurlw1 Wkh lqghshqghqw yduldeohv/ r
dqg %/ duh wkh orjdulwkp ri wkdw PVD*v srsxodwlrq dqg d yhfwru ri frqwuro
yduldeohv1 E| wkh ghqlwlrq ri d uhjuhvvlrq ixqfwlrq/ wkh h{shfwhg ydoxh ri
wkh huuru whup/  htxdov }hur li rqh frqglwlrqv xsrq r dqg %1 Wkurxjkrxw rxu
hpslulfdo zrun zh zloo dovr pdlqwdlq wkh dvvxpswlrq wkdw wkh glvwxuedqfhv 
duh lqghshqghqw dfurvv PVD*v1
Wr hvwlpdwh qr dqg q%/ zh xvh revhuydwlrqv ri uhwdlo wudgh lqgxvwulhv lq
5<: PVD*v1 Wkh jrrgv surgxfhg e| wkh uhwdlo wudgh vhfwru duh odujho| orfdoo|
frqvxphg/ vr lw lv uhdvrqdeoh wr vxssrvh wkdw d vhtxhqfh ri jhrjudsklfdoo|
glvwlqfw pdunhwv fkdudfwhul}hv wkh uhwdlo wudgh vhfwru1 Krzhyhu/ zkhwkhu wkh
PVD lv wkh fruuhfw ghqlwlrq ri d pdunhw lv txhvwlrqdeoh1 Ehfdxvh erwk sur0
gxfhuv dqg frqvxphuv duh vsdwldoo| glhuhqwldwhg/ fruuhfw pdunhw ghqlwlrq
uhtxluhv ghwhuplqlqj wkh ghpdqg iru d surgxfw dw hdfk jhrjudsklf orfdwlrq
zlwklq dq PVD/ dv lq Gdylv*v +4<<;, vwxg| ri prylh wkhdwhuv* vsdwldo glhu0
hqwldwlrq1 Qhyhuwkhohvv/ xvlqj revhuydwlrqv dw wkh PVD ohyho lv dssursuldwh
li PVD*v duh djjuhjdwlrqv ri shuihfwo| frpshwlwlyh pdunhwv/ ehfdxvh qhlwkhu
wkh shu fdslwd qxpehuv ru vl}hv ri wkhvh pdunhwv* hvwdeolvkphqwv vkrxog h{0
klelw d uhodwlrqvkls zlwk wkhlu pdunhw vl}hv1 Xvlqj revhuydwlrqv dw wkh PVD
ohyho lv dovr lqirupdwlyh li wkh prgho ri lqwhuhvw lv rqh ri vsdwldo glhuhqwldwlrq
dfurvv dq hqwluh flw|1 Qhyhuwkhohvv/ wkh fruuhvsrqghqfh ehwzhhq PVD*v dqg
pdunhwv pd| eh idu iurp shuihfw1 Vxemhfw wr wklv txdolfdwlrq/ zh uhihu wr
PVD*v dqg pdunhwv lqwhufkdqjhdeo|1
614 Revhuydwlrqv ri Uhwdlo Wudgh Lqgxvwulhv
Iurp wkh 4<<5 Fhqvxv ri Uhwdlo Wudgh/ zh rewdlq revhuydwlrqv ri wkh qxp0
ehu ri rshudwlqj hvwdeolvkphqwv lq hdfk phwursrolwdq vwdwlvwlfdo duhd +PVD,
dqg sulpdu| phwursrolwdq vwdwlvwlfdo duhd +SPVD,/ wkhlu wrwdo hpsor|phqw/
dqg wkhlu wrwdo vdohv gxulqj 4<<51 Lq wkh hpslulfdo zrun/ zh jurxs PVD*v
;dqg SPVD*v wrjhwkhu dqg uhihu wr wkhp vlpso| dv PVD*v1 Wkh revhuyd0
wlrqv duh dydlodeoh iru uhwdlo wudgh dv d zkroh dqg iru lwv frqvwlwxhqw wzr0gljlw
lqgxvwulhv1. Glylglqj wrwdo vdohv dqg hpsor|phqw e| wkh qxpehu ri hvwdeolvk0
phqwv |lhogv wkh wzr phdvxuhv ri dyhudjh hvwdeolvkphqw vl}h zh frqvlghu1 Wr
frqvwuxfw hvwdeolvkphqwv shu fdslwd/ zh phdvxuh hdfk PVD*v srsxodwlrq e|
vxpplqj wkh srsxodwlrqv ri wkhlu frqvwlwxhqw frxqwlhv iurp wkh 4<<3 ghfhq0
qldo fhqvxv/ dv uhsruwhg lq wkh 4<<7 Frxqw| dqg Flw| Gdwd Errn1 Ehfdxvh
wkhvh wzr gdwd vrxufhv xvh wzr glhuhqw ghqlwlrqv ri PVD*v lq wkh Qhz
Hqjodqg Vwdwhv/ zh h{foxgh wkrvh PVD*v iurp frqvlghudwlrq1 Wkh uhvxowlqj
vdpsoh frqvlvwv ri 5<: PVD*v1
Dv zh qrwhg lq wkh lqwurgxfwlrq/ wkh FUW surylghv qr lqirupdwlrq uhjdug0
lqj hvwdeolvkphqwv* d!oldwlrqv zlwk upv dw wkh PVD ohyho1 Wr hpslulfdoo|
jdxjh wkh lq xhqfh ri up d!oldwlrq rq uhwdlo wudgh hvwdeolvkphqwv/ wkh uvw
wzr froxpqv ri Wdeoh 4 uhsruw wkh dyhudjh vdohv ri wkrvh rzqhg e| d up zlwk
wzr ru pruh hvwdeolvkphqwv/ odehohg Pxowlxqlw/ dqg wkrvh rzqhg e| d up
frqvlvwlqj ri rqo| wkdw hvwdeolvkphqw/ odehohg Vlqjoh Xqlw1 Wkh froxpq od0
ehohg Vdohv Udwlr uhsruwv wkh udwlr ri wkhvh wzr dyhudjhv1 Li up d!oldwlrq
zhuh luuhohydqw/ zh zrxog h{shfw wkhvh udwlrv wr eh forvh wr rqh1 Wr vkrz krz
hvwdeolvkphqwv zlwk glhuhqw up d!oldwlrqv frpsrvh wkh uhwdlo wudgh gdwd/
wkh wdeoh*v qdo froxpq/ odehohg Iudfwlrq Vlqjoh/ uhsruwv wkh iudfwlrq ri
doo hvwdeolvkphqwv wkdw duh sduw ri upv zlwk rqo| rqh hvwdeolvkphqw1 Wkhvh
vwdwlvwlfv duh uhsruwhg iru wkh zkroh uhwdlo wudgh vhfwru dqg iru hdfk ri lwv
wzr gljlw lqgxvwulhv1 Wdeoh 4*v hqwulhv duh frqvwuxfwhg iurp uhsruwv ri wkhvh
wzr jurxsv* hvwdeolvkphqw qxpehuv dqg wrwdo vdohv iru wkh Xqlwhg Vwdwhv dv
dz k r o hi u r pw k hFUW*v 4<<5 Hvwdeolvkphqw dqg Ilup Vl}h yroxph1. Wkh
Exuhdx ri wkh Fhqvxv grhv qrw uhsruw dqdorjrxv vwdwlvwlfv iru dq| jhrjudsklf
sduwlwlrq ri wkh Xqlwhg Vwdwhv/ vr zh fdqqrw revhuyh yduldwlrq lq up vl}hv
dqg qxpehuv dfurvv PVD*v1
Uhwdlo Wudgh*v up d!oldwlrq fkdudfwhulvwlfv duh xqvxusulvlqj1 Iru wkh
uhwdlo wudgh vhfwru dv d zkroh/ d pdmrulw| ri SDI ri doo hvwdeolvkphqwv eh0
orqj wr vlqjoh xqlw upv/ exw hvwdeolvkphqwv dw pxowlxqlw upv kdyh dyhudjh
vdohv wkdw duh derxw wkuhh wlphv odujhu wkdq wkhvh1 Wkh khwhurjhqhlw| lq wkh
vwdwlvwlfv dfurvv wzr gljlw lqgxvwulhv lv vrphzkdw pruh lqwhuhvwlqj1 Lq rqh
lqgxvwu|/ Dxwrpreloh Ghdohuv/ up d!oldwlrq dsshduv wr eh qhduo| luuhohydqw/
zkloh wkh dyhudjh Jhqhudo Phufkdqglvh Vwruh lq d pxowlxqlw up lv 4: wlphv
odujhu wkdq lwv dyhudjh frxqwhusduw lq d vlqjoh xqlw up1 Wkh rwkhu lqgxv0
wulhv* vdohv udwlrv jhqhudoo| idoo ehwzhhq 2D dqg ef1 Wkh h{fhswlrqv wr wklv
duh Irrg Vwruhv/ zlwk S dqg Jdvrolqh Vhuylfh Vwdwlrqv/ zlwk Se1D o 0
<wkrxjk d pdmrulw| ri d wzr gljlw lqgxvwu|*v hvwdeolvkphqwv jhqhudoo| ehorqj
wr d vlqjoh xqlw up/ wklv lv qrw wkh fdvh lq Jhqhudo Phufkdqglvh Vwruhv dqg
Dssduho dqg Dffhvvru| Vwruhv/ zkhuh rqo| 2.I dqg bI ri hvwdeolvkphqwv
ehorqj wr vxfk vpdoo upv1
Ryhudoo/ Wdeoh 4 ohdyhv wkh lpsuhvvlrq wkdw erwk wkh dvvrfldwlrq ehwzhhq
up d!oldwlrq dqg hvwdeolvkphqw vl}h dqg wkh uhsuhvhqwdwlrq ri uhodwlyho|
vpdoo hvwdeolvkphqwv lq vlqjoh xqlw upv ydu| zlgho| dfurvv wzr gljlw lqgxv0
wulhv1 Pdq| ri wkh prghov ri frpshwlwlrq dprqj odujh jurxsv ri surgxfhuv
idlo wr pdnh d fohdu glvwlqfwlrq ehwzhhq upv dqg hvwdeolvkphqwv1 Iru h{dp0
soh/ orfdwlrq prghov vxfk dv Vdors*v +4<:<, dqg vhdufk prghov olnh Zrolqvn|*v
+4<;9, w|slfdoo| dvvxph wkdw d vhsdudwh up rshudwhv hdfk hvwdeolvkphqw1 Lq
lqgxvwulhv zkhuh hvwdeolvkphqwv* up d!oldwlrqv dsshdu wr pdwwhu olwwoh/ vxfk
dv Dxwrpreloh Ghdohuv/ dqg lq lqgxvwulhv zkhuh hvwdeolvkphqwv lq vlqjoh xqlw
upv duh yhu| vpdoo dqg ihz lq qxpehu/ vxfk dv Jhqhudo Phufkdqglvh Vwruhv/
vlpsoli|lqj hvwdeolvkphqwv* up d!oldwlrqv lq wklv zd| pd| eh lqqrfxrxv1
Krzhyhu/ lq lqgxvwulhv olnh Irrg Vwruhv zlwk qxphurxv lqghshqghqw vwruhv
wkdw duh pxfk vpdoohu wkdq fkdlq vwruhv/ d prgho wkdw wuhdwv doo hvwdeolvk0
phqwv v|pphwulfdoo| vxfk dv wkdw lq Vhfwlrq 5 lv suredeo| vxvshfw1
Iru rxu vdpsoh ri PVD*v/ Wdeoh 5 uhsruwv vxppdu| vwdwlvwlfv iru hvwde0
olvkphqwv shu fdslwd/ dyhudjh hvwdeolvkphqw vdohv/ dqg dyhudjh hvwdeolvkphqw
hpsor|phqw iru wkh uhwdlo wudgh vhfwru dv d zkroh dqg lwv yh odujhvw wzr0
gljlw lqgxvwulhv/ phdvxuhg e| wrwdo vdohv ru hpsor|phqw1. Wkhuh lv vxevwdqwldo
yduldwlrq dfurvv lqgxvwulhv dqg PVD*v lq wkh qxpehu ri hvwdeolvkphqwv shu
fdslwd1 Wkh dyhudjh qxpehuv ri Jhqhudo Phufkdqglvh Vwruhv dqg Hdwlqj dqg
Gulqnlqj Sodfhv shu 4333 shrsoh duh fe dqg .b1 Wkh rwkhu lqgxvwulhv idoo
ehwzhhq wkhvh wzr h{wuhphv1 Iru doo ri wkh wzr0gljlw lqgxvwulhv/ wkh vwdq0
gdug ghyldwlrq ri hvwdeolvkphqwv shu fdslwd*v orjdulwkp idoov ehwzhhq fD
dqg ff1 Yduldqfh dfurvv dqg zlwklq lqgxvwulhv dovr fkdudfwhul}hv wkh wzr
phdvxuhv ri dyhudjh hvwdeolvkphqw vl}h1 Xvlqj hlwkhu vdohv ru hpsor|phqw wr
phdvxuh vl}h/ Jhqhudo Phufkdqglvh Vwruhv duh pxfk odujhu rq dyhudjh wkdq hv0
wdeolvkphqwv lq dq| rwkhu lqgxvwu|1 Wkh dyhudjh Jhqhudo Phufkdqglvh Vwruh
lq wkh dyhudjh PVD hpsor|v dssur{lpdwho| .D shrsoh1 Wkh vpdoohvw dqg
odujhvw dyhudjh hpsor|phqw iru wkhvh vwruhv duh dssur{lpdwho| 2b dqg e21
Wkh vwdqgdug ghyldwlrqv iru wkh wzr dyhudjh vl}h phdvxuhv* orjdulwkpv duh
ehwzhhq f2f dqg fD iru prvw ri wkh wzr0gljlw lqgxvwulhv1
43615 Wkh Uhjuhvvruv
Rxu uhjuhvvlrq hvwlpdwhv duh phdqw wr surylgh hpslulfdo dqdorjxhv wr wkh0
ruhwlfdo frpsdudwlyh vwdwlfv h{huflvhv1 Wklv lghqwlfdwlrq uhtxluhv wkh gh0
whuplqdqwv ri hvwdeolvkphqw qxpehuv dqg vl}hv rplwwhg iurp wkh uhjuhvvlrq
ixqfwlrq wr eh lqghshqghqw ri wkrvh wkdw duh lqfoxghg1 Wkhuhiruh/ wkh ydolglw|
ri wklv lghqwlfdwlrq ghshqgv rq wkh h{kdxvwlyhqhvv ri wkh frqwuro yduldeohv
lqfoxghg lq %1 Ehfdxvh ri wkhlu reylrxv lpsruwdqfh iru hvwdeolvkphqwv* sur0
gxfwlrq srvvlelolwlhv/ wkh uhjuhvvlrqv lqfoxgh wkh sulfhv ri odqg dqg oderu
lq wkh PVD1 Wkh| dovr lqfoxgh phdvxuhv ri surgxfwlyh vslooryhuv dvvrfldwhg
zlwk xuedql}dwlrq/ zklfk Mdfrev +4<9<, dujxhv duh wkh hfrqrplf fdxvh ri
flw| irupdwlrq1 Lq prghov ri prqrsrolvwlf frpshwlwlrq/ fkdudfwhulvwlfv ri wkh
srsxodwlrq xquhodwhg wr wkh pdunhw*v vfdoh fdq lpsdfw hvwdeolvkphqw vl}hv
e| fkdqjlqj wkh hodvwlflw| ri frqvxphuv* ghpdqg ixqfwlrqv dqg frqvhtxhq0
wldoo| upv* rswlpdo pdunxsv1 Wkhuhiruh/ % dovr lqfoxghv ghprjudsklf fkdu0
dfwhulvwlfv ri wkh PVD*v srsxodwlrq> phgldq lqfrph/ wkh shufhqwdjh ri wkh
srsxodwlrq wkdw lv Eodfn/ dqg wkh shufhqwdjh ri wkh srsxodwlrq wkdw krogv d
edfkhoru*v ghjuhh ru kljkhu1 Ilqdoo|/ zh lqfoxgh lq % wkh jurzwk udwh ri wkh
PVD*v srsxodwlrq ehwzhhq wkh 4<;3 dqg 4<<3 ghfhqqldo fhqvxvhv wr frqwuro
iru wkh hhfwv ri vkruw uxq g|qdplfv rq lqgxvwu| frpsrvlwlrq1
Wdeoh 6 olvwv wkh uhjuhvvruv zh lqfoxgh lq rxu hvwlpdwlrq1 Rxu phdvxuh ri
r￿ lv wkh orjdulwkp ri wkh PVD*v srsxodwlrq hvwlpdwh iurp wkh 4<<3 ghfhqqldo
fhqvxv1 Zh ghvfuleh wkh uhpdlqlqj lqghshqghqw yduldeohv dqg wkh lpsruwdqfh
ri wkhlu lqfoxvlrq lq % ehorz1
61514 Idfwru Sulfhv
Zh lqfoxgh wzr phdvxuhv ri idfwru sulfhv lq %/ wkh uhwdlo zdjh udwh dqg wkh
frvw ri uhdo hvwdwh/ erwk ri wkhvh lq orjdulwkpv1 Glylglqj wkh uhwdlo wudgh
vhfwru*v dqqxdo sd|uroo e| lwv hpsor|phqw/ erwk uhsruwhg lq wkh Fhqvxv ri
Uhwdlo Wudgh/ |lhogv rxu phdvxuh ri wkh uhwdlo zdjh1 Dq lghdo phdvxuh ri
wkh sulfh ri uhdo hvwdwh zrxog eh wkh sulfh shu vtxduh irrw ri uhwdlo vsdfh1
Xqiruwxqdwho|/ qrwklqj ri wkdw vruw lv dydlodeoh wr xv1 Dq lpshuihfw exw
dydlodeoh vxevwlwxwh lv wkh phgldq uhqw ri d uhqwhu rffxslhg uhvlghqwldo xqlw/
zklfk lv uhsruwhg lq wkh Frxqw| dqg Flw| Gdwd Errn iru hdfk frxqw|1 Zh
djjuhjdwh wkhvh phdvxuhv lqwr dq PVD zlgh uhqwdo udwh zlwk d srsxodwlrq
zhljkwhg dyhudjh ri hdfk frxqw|*v udwh1 Ehfdxvh odqg dqg rwkhu frqvwuxfwlrq
uhvrxufhv fdq eh xvhg wr frqvwuxfw hlwkhu uhvlghqwldo ru frpphufldo uhdo hvwdwh/
44wklv phdvxuh vkrxog eh d jrrg lqglfdwru ri wkh frvw ri frpphufldo uhdo hvwdwh
li wkh frvw ri qhz frqvwuxfwlrq slqv grzq doo uhdo hvwdwh sulfhv1 Rq wkh rwkhu
kdqg/ sulfhv iru uhvlghqwldo uhdo hvwdwh zloo idlo wr wudfn wkrvh ri frpphufldo
uhdo hvwdwh li }rqlqj srolflhv fuhdwh d vljqlfdqw glhuhqfh ehwzhhq frpphufldo
dqg uhvlghqwldo frqvwuxfwlrq frvwv dqg wkh vl}h ri wklv glhuhqfh ydulhv zlgho|
dfurvv PVD*v1
61515 Xuedql}dwlrq Vslooryhuv
Flwlhv duh qrw h{rjhqrxv djjorphudwlrqv ri shrsoh1 Mdfrev +4<9<, k|srwkh0
vl}hg wkdw vslooryhuv dvvrfldwhg zlwk vsdwldo frqfhqwudwlrq ri glyhuvh dfwlylwlhv
duh wkh sulpdu| uhwxuq wr flw| irupdwlrq1 Lq vxssruw ri wklv ylhz/ Jodhvhu/
Ndoodo/ Vfkhlqnpdq/ dqg Vkohlihu +4<<4, vkrzhg wkdw zdjhv lq PVD*v zlwk d
glyhuvh vhw ri lqgxvwulhv juhz idvwhu wkdq lq wkrvh zlwk pruh xqlirup hpsor|0
phqw rssruwxqlwlhv1 Wkh wkhruhwlfdo lpsdfw ri vxfk vslooryhuv rq uhwdlo wudgh
hvwdeolvkphqw vl}hv dqg qxpehuv lv lqkhuhqwo| dpeljxrxv1 Wkh gluhfw hhfw
ri d surgxfwlyh vslooryhu rq dq lqgxvwu|*v hvwdeolvkphqwv lv wr orzhu wkhlu
frvwv/ exw wkh vslooryhu fdq hlwkhu udlvh plqlpxp h!flhqw vfdoh/ uhgxfh lw/ ru
ohdyh lw xqfkdqjhg1 Lq d frpshwlwlyh iuhh hqwu| prgho/ wkh dpeljxrxv lp0
sdfw ri vslooryhuv rq plqlpxp h!flhqw vfdoh gluhfwo| surgxfhv fruuhvsrqglqj
dpeljxlwlhv lq hvwdeolvkphqw vl}hv dqg shu fdslwd qxpehuv1
Wkhuh lv qr uhdvrq wr vxssrvh wkdw vxfk surgxfwlyh vslooryhuv gr qrw lp0
sdfw uhwdlo wudgh whfkqrorj|/ vr zh lqfoxgh wzr phdvxuhv ri wkhp lq %1W k h
uvw lv d phdvxuh ri wkh PVD*v hfrqrplf glyhuvlw|/ wkh vkduh ri hpsor|phqw lq
wkh PVD dffrxqwhg iru e| lwv yh odujhvw wzr0gljlw lqgxvwulhv1 Wklv phdvxuh
ri lqgxvwu| frqfhqwudwlrq xvhv wkh hpsor|phqw gdwd iurp wkh 4<<5 Frxqw|
Exvlqhvv Sdwwhuqv/ dqg lv vlplodu wr wkdw xvhg e| Jodhvhu/ Ndoodo/ Vfkhlqnpdq/
dqg Vkohlihu +4<<4,1 Zkhq lqgxvwu| frqfhqwudwlrq lv kljk/ wkh PVD*v hfrq0
rp| odfnv glyhuvlw|1 Rxu vhfrqg phdvxuh ri surgxfwlyh vslooryhuv lv wkh jh0
rjudsklf ghqvlw| ri hfrqrplf dfwlylw|/ zklfk Flffrqh dqg Kdoo +4<<9, irxqg
wr kdyh d vljqlfdqw srvlwlyh lpsdfw rq X1V1 vwdwhv* phdvxuhg wrwdo idfwru
surgxfwlylw|1 Wr frqvwuxfw wkh ghqvlw| phdvxuh/ zh glylghg d frxqw|*v wrwdo
hpsor|phqw uhsruwhg lq wkh 4<<5 Frxqw| Exvlqhvv Sdwwhuqv gdwdedvh e| wkh
frxqw|*v wrwdo odqg duhd/ lq vtxduh plohv/ iru hdfk ri wkh PVD*v frqvwlwxhqw
frxqwlhv1 Wkh PVD*v ghqvlw| phdvxuh lv wkhq wkh hpsor|phqw zhljkwhg dy0
hudjh ri wkh phdvxuhv iru lwv frqvwlwxhqw frxqwlhv1 Wklv ghqvlw| phdvxuh lv
vlplodu wr wkh wkhruhwlfdoo| lghdo phdvxuh frqvlghuhg e| Flffrqh dqg Kdoo
+4<<9,/ zlwk wkh h{fhswlrq wkdw zh iroorz Flffrqh +4<<:, e| xvlqj hpsor|0
45phqw udwkhu wkdq rxwsxw wr phdvxuh hfrqrplf dfwlylw|1 Ghqvlw| hqwhuv wkh
uhjuhvvlrq dv d orjdulwkp1
61516 Ghprjudsklf Fkdudfwhulvwlfv
Lq vwdqgdug irupxodwlrqv ri frpshwlwlyh lqgxvwuldo rujdql}dwlrq prghov/ wkh
ghprjudsklf fkdudfwhulvwlfv ri wkh pdunhw*v fxvwrphuv dhfw rqo| wkh ghpdqg
vshflfdwlrq/ vr wkh| lpsdfw rqo| hvwdeolvkphqw qxpehuv dqg qrw wkhlu vl}hv1
Iru rxu sxusrvhv/ wklv frqfoxvlrq lv kdvw| ehfdxvh wkh lqgxvwulhv zh frq0
vlghu duh udwkhu eurdgo| ghqhg1 Iru h{dpsoh/ VLF 8;/ Hdwlqj dqg Gulqnlqj
Sodfhv/ hqfrpsdvvhv uhvwdxudqwv dqg eduv ri doo nlqgv1 Li uhodwlyho| zhdowk|
frqvxphuv suhihu Iuhqfk irrg wr sl}}d zkloh wkh rssrvlwh lv wuxh iru wkhlu
srruhu frxqwhusduwv/ wkhq zh vkrxog h{shfw wkdw wkh dyhudjh hvwdeolvkphqw
vl}h lq d kljk lqfrph frppxqlw| zrxog glhu iurp wkdw lq d orz lqfrph
frppxqlw| vlpso| ehfdxvh wkh whfkqrorjlhv iru Iuhqfk irrg dqg sl}}d glhu1
Li wkh vhuylfh ri irrg suhsdudwlrq lv d qrupdo jrrg/ wkhq zhdowk fdq lq xhqfh
wkh vfdoh ri dq lqglylgxdo frqvxphu*v ghpdqg iru uhvwdxudqw phdov1 Fxowxudo
glhuhqfhv dfurvv frppxqlwlhv fdq dovr lq xhqfh wkh qdwxuh dqg txdqwlw|
ri glhuhqw uhwdlo vhuylfhv ghpdqghg dw jlyhq sulfhv/ zklfk lq wxuq dhfw
uhwdlo hvwdeolvkphqw vl}hv dqg qxpehuv1 Dv zh qrwhg deryh/ wkhvh ghpr0
judsklf fkdudfwhulvwlfv fdq dovr lpsdfw wkh hodvwlflw| ri ghpdqg/ dqg khqfh
wkh vl}hv dqg qxpehuv ri hvwdeolvkphqwv lq d prqrsrolvwlfdoo| frpshwlwlyh
htxloleulxp1 Iru wkhvh uhdvrqv/ zh lqfoxgh wkuhh ghprjudsklf yduldeohv lq %
wkdw phdvxuh wkh lqfrph/ hgxfdwlrqdo dwwdlqphqw/ dqg udfldo frpsrvlwlrq ri
dq PVD*v uhvlghqwv1
Doo ri rxu ghprjudsklf revhuydwlrqv duh uhsruwhg dw wkh frxqw| ohyho lq wkh
4<<7 Frxqw| dqg Flw| Gdwd Errn1 Zh xvhg srsxodwlrq zhljkwhg dyhudjhv
r iw k h l uy d o x h vl qw k hPVD*v frqvwlwxhqw frxqwlhv wr frqvwuxfw dqdorjrxv
phdvxuhv iru hdfk PVD1 Wr phdvxuh lqfrph/ zh xvh phgldq idplo| lqfrph/
dqg zh hqwhu lw lqwr wkh uhjuhvvlrq dv d orjdulwkp1 Rxu phdvxuh ri udfldo
frpsrvlwlrq lv wkh shufhqwdjh ri wkh PVD*v uhvlghqwv zkr duh Eodfn1 Ilqdoo|/
w k hs h u f h q w d j hr id qPVD*v uhvlghqwv ryhu wzhqw|0yh |hduv rog zkr kdyh d
edfkhoru*v ghjuhh phdvxuhv wkh PVD*v hgxfdwlrqdo dwwdlqphqw1 Wkhvh wzr
yduldeohv hqwhu wkh uhjuhvvlrq lq ohyhov1
4661517 Srsxodwlrq Jurzwk
Dw dq| srlqw lq wlph/ wkh hvwdeolvkphqw vl}h glvwulexwlrq fruuhvsrqgv wr dq
djjuhjdwlrq ri glhuhqw djh frkruwv1 Iru d sdqho ri Zlvfrqvlq uhwdlo wudgh
upv/ Sdnhv dqg Hulfvrq +4<<;, grfxphqwhg wkdw wkh up hpsor|phqw glvwul0
exwlrq whqgv wr lqfuhdvh vwrfkdvwlfdoo| zlwk djh1 Jruw dqg Nohsshuhu +4<;5,
dovr vkrzhg wkdw pdunhwv iru qhz surgxfwv h{shulhqfh dq lqlwldo shulrg ri
jurzwk lq wkh qxpehu ri rshudwlqj hvwdeolvkphqwv/ iroorzhg e| d vkdnh0rxw
lq zklfk odujh qxpehuv ri wkhp h{lw1 Wrjhwkhu/ wkhvh uhvxowv vxjjhvw wkdw
d udslgo| jurzlqj PVD zloo kdyh pruh exw vpdoohu hvwdeolvkphqwv wkdq dq
rwkhuzlvh vlplodu/ exw vwdeoh/ pdunhw1 Li odujh PVD*v fruuhvsrqg wr vwdeoh/
pdwxuh flwlhv dqg vpdoohu PVD*v fruuhvsrqg wr jurzlqj rqhv/ wkhq wkhvh
jurzwk hhfwv frxog lqgxfh vsxulrxv fruuhodwlrq ehwzhhq PVD srsxodwlrq
dqg hvwdeolvkphqw vl}hv dqg qxpehuv1 Wr frqwuro iru wklv srvvlelolw| lq rxu
uhjuhvvlrqv/ wkh yhfwru % lqfoxghv wkh PVD*v srsxodwlrq jurzwk udwh ehwzhhq
wkh 4<;3 dqg 4<<3 ghfhqqldo fhqvxvhv1 Wkh jurzwk udwh lv phdvxuhg dv wkh
glhuhqfh lq wkh PVD*v srsxodwlrq glylghg e| lwv dyhudjh srsxodwlrq lq wkh
wzr fhqvxvhv1 Lw dsshduv lq wkh uhjuhvvlrq lq ohyhov1
61518 Ghvfulswlyh Vwdwlvwlfv
Wdeoh 7 uhsruwv vxppdu| vwdwlvwlfv iru srsxodwlrq dqg wkh uhjuhvvlrqv* rwkhu
lqghshqghqw yduldeohv1 Lq wkh uvw/ vhfrqg/ dqg wklug froxpqv duh wkh dy0
hudjh/ plqlpxp dqg pd{lpxp ydoxhv ri wkh yduldeoh1 Wkh irxuwk froxpq
uhsruwv wkh vwdqgdug ghyldwlrq ri wkh yduldeoh dv lw lv hqwhuhg lq wkh uhjuhv0
vlrq1 Iru h{dpsoh/ wkh vwdqgdug ghyldwlrqv iru srsxodwlrq dqg hpsor|phqw
ghqvlw| duh wkrvh ri wkh orjdulwkp zkloh wkdw iru lqgxvwu| frqfhqwudwlrq lv
ri wkh ohyho1 Wkh wdeoh*v uljkw prvw froxpq/ odehohg Fruu1 z2 Srs1/ uh0
sruwv wkh fruuhodwlrq ri wkh jlyhq yduldeoh zlwk srsxodwlrq*v orjdulwkp1 Wdeoh
7*v uvw urz uhsruwv wkh vxppdu| vwdwlvwlfv iru srsxodwlrq1 Xqvxusulvlqjo|/
srsxodwlrq ydulhv vxevwdqwldoo| dfurvv rxu vdpsoh ri PVD*v1 Wkh ohdvw srs0
xodwhg PVD/ Hqlg/ Rnodkrpd/ kdv DSc.bD uhvlghqwv1 Wkh PVD zlwk wkh
odujhvw srsxodwlrq lv Orv Dqjhohv/ Fdoliruqld1 Ghqvlw| dovr ydulhv frqvlghu0
deo| dfurvv PVD*v1 Wkh PVD zlwk wkh orzhvw hpsor|phqw ghqvlw|/ zlwk
mxvw xqghu irxu hpsor|hhv shu vtxduh ploh/ lv Fdvshu/ Z|rplqj1 Wkh PVD
zlwk wkh odujhvw ghqvlw| lv Qhz \run/ Qhz \run1 Dowkrxjk srsxodwlrq dqg
hpsor|phqw ghqvlw| duh fohduo| uhodwhg/ wkh| duh qrw lghqwlfdo wr hdfk rwkhu1
Wkh fruuhodwlrq ri wkhlu orjdulwkpv htxdov f.e/ zklfk vhhpv vx!flhqwo| eh0
47orz rqh wr lqfoxgh wkhp vlpxowdqhrxvo| lq wkh uhjuhvvlrqv zlwkrxw ihdu ri
frolqhdulw|1 Lqgxvwu| frqfhqwudwlrq dovr ydulhv frqvlghudeo| dfurvv wkh vdp0
soh1 Wkh orzhvw yh0lqgxvwu| frqfhqwudwlrq phdvxuh lv Ghfdwxu/ Dodedpd*v/
5:165(/ dqg wkh kljkhvw udwlr lv Nrnrpr/ Lqgldqd*v/ 941<5(1 Wkh lqgxvwu|
frqfhqwudwlrq udwlr lv qhjdwlyho| fruuhodwhg zlwk srsxodwlrq/ vr odujhu pdu0
nhwv whqg wr kdyh pruh lqgxvwu| glyhuvlw|1 Doo ri wkh uhpdlqlqj uhjuhvvruv duh
srvlwlyho| fruuhodwhg zlwk srsxodwlrq1
7 Olqhdu Uhjuhvvlrq Uhvxowv
Wkh dqdo|vlv ri hvwdeolvkphqw frxqwv dqg vl}hv iru wkh uhwdlo wudgh vhfwru dv d
zkroh dqg lwv wzr gljlw lqgxvwulhv surgxfhv 66 uhjuhvvlrqv1 Wr frqvhuyh vsdfh/
zh uhsruw wkh frpsohwh uhjuhvvlrq uhvxowv iru rqh lqgxvwu| dv dq h{dpsoh1 Iru
wkh uhpdlqlqj lqgxvwulhv/ zh uhsruw rqo| wkh hvwlpdwhv ri qr dqg vxppdul}h
wkh hvwlpdwhv ri wkh frqwuro yduldeohv* uhjuhvvlrq frh!flhqwv1 Iru VLF 8:/
Dssduho dqg Dffhvvru| Vwruhv/ Wdeoh 8 uhsruwv wkh hvwlpdwhg uhjuhvvlrq fr0
h!flhqwv/ wkhlu |vwdwlvwlfv/ dqg wkh -2*v dqg vdpsoh vl}hv iru wkh uhjuhvvlrqv
ri hvwdeolvkphqwv shu fdslwd/ dqg hvwdeolvkphqwv* dyhudjh vdohv dqg hpsor|0
phqw rq r dqg %1D o o r i w k h | vwdwlvwlfv uhsruwhg lq wklv sdshu duh urexvw
wr jhqhudo irupv ri khwhurvnhgdvwlflw| lq wkh uhjuhvvlrq glvwxuedqfhv1 Wkh
-2 iurp wkh hvwdeolvkphqw uhjuhvvlrq lv fS/ zklfk lv wkh orzhvw -2 iurp
dq| ri rxu hvwlpdwhg uhjuhvvlrqv1 Wkh -2*v iurp wkh vdohv dqg hpsor|phqw
uhjuhvvlrqv/ fee dqg ff/ duh pruh w|slfdo ri wkh uhjuhvvlrqv iru wkh rwkhu
lqgxvwulhv1
714 PVD Srsxodwlrq Frh!flhqwv
Iru doo wkuhh uhjuhvvlrqv dqg doo ri wkh lqgxvwulhv zh frqvlghu/ Wdeoh 9 uhsruwv
wkh ROV hvwlpdwhv ri qr dqg wkhlu dvvrfldwhg |vwdwlvwlfv1 Dv zh qrwhg lq
wkh lqwurgxfwlrq/ wkh uhjuhvvlrq*v hvwlpdwhg vorsh iru Dssduho dqg Dffhvvru|
Vwruhv htxdov ffbH/ dqg lw lv vwdwlvwlfdoo| vljqlfdqw1 Wkh hvwlpdwhg frhi0
flhqwv iru wkh rwkhu lqgxvwulhv lqglfdwh wkdw Dssduho dqg Dffhvvru| Vwruhv
lv qrw dq dqrpdo| lq wklv gdwd1 Doo ri wkh hvwlpdwhg frh!flhqwv iru wkh wzr
gljlw lqgxvwulhv duh qhjdwlyh/ dqg qlqh ri wkhp duh vwdwlvwlfdoo| vljqlfdqw dw
frqyhqwlrqdo ohyhov1 Wkh |vwdwlvwlf iru Guxj Vwruhv htxdov be/z k l f kl v
mxvw ehorz wkh uhohydqw DI fulwlfdo ydoxh1 Dowkrxjk wkh hvwlpdwhg frh!flhqwv
jhqhudoo| lqglfdwh wkdw wkhuh duh ihzhu hvwdeolvkphqwv shu fdslwd lq odujhu
48pdunhwv/ wkh pdjqlwxgh ri wklv glhuhqfh ydulhv juhdwo| dfurvv lqgxvwulhv1
Wkh frh!flhqw iru Jhqhudo Phufkdqglvh Vwruhv kdv wkh odujhvw pdjqlwxgh ri
dq| ri wkrvh hvwlpdwhg/ feS/ zkloh wkdw iru Hdwlqj dqg Gulqnlqj Sodfhv
kdv wkh vpdoohvw/ ffb1 Prvw ri wkh uhpdlqlqj frh!flhqwv kdyh pdjqlwxghv
vlplodu wr wkdw ri Dssduho dqg Dffhvvru| Vwruhv1 Wr ehwwhu xqghuvwdqg wkh
txdqwlwdwlyh vljqlfdqfh ri wkhvh hvwlpdwhv iru frpshwlwlrq lq uhwdlo pdunhwv/
lw lv khosixo wr lqwhusuhw wkhp zlwklq wkh iudphzrun ri Vhfwlrq 5*v vlpsoh
prgho1 Li zh soxj rxu hvwlpdwhv ri qr lqwr Htxdwlrq 6*v ohiw kdqg vlgh dqg
vroyh iru wkh hodvwlflw| ri yduldeoh surwv shufxvwrphu zlwk uhvshfw wr wkh
qxpehu ri hvwdeolvkphqwv/ wklv hodvwlflw| htxdov f. iru Jhqhudo Phufkdq0
glvh Vwruhv/ f iru Dssduho dqg Dffhvvru| Vwruhv/ dqg ffe iru Hdwlqj
dqg Gulqnlqj Sodfhv1 Wkxv/ wkh dgglwlrq ri qhz frpshwlwruv dsshduv wr
kdyh dq hfrqrplfdoo| vljqlfdqw lpsdfw rq surwv shufxvwrphu/ zlwklq wkh
f r q w h { wr iw k d wv l p s o hp r g h o 1
Dssduho dqg Dffhvvru| Vwruhv* srvlwlyh dqg vljqlfdqw hvwlpdwh ri qr lq
lwv dyhudjh vdohv uhjuhvvlrq lv dovr w|slfdo ri wkh rwkhu wzr0gljlw lqgxvwulhv1
Iru qlqh ri wkhp/ wkh hvwlpdwhv ri qr lq wkh dyhudjh vdohv uhjuhvvlrqv duh
srvlwlyh1 Wkh h{fhswlrq wr wklv lv Exloglqj Pdwhuldov dqg Jdughq Vxssolhv*
frh!flhqw ri fffD/ zklfk lv vwdwlvwlfdoo| dqg hfrqrplfdoo| lqglvwlqjxlvkdeoh
iurp }hur1 Ri wkh qlqh srvlwlyh frh!flhqwv/ yh ri wkhp duh vwdwlvwlfdoo| vlj0
qlfdqw1 Dv zlwk wkh hvwdeolvkphqw uhjuhvvlrqv/ Jhqhudo Phufkdqglvh Vwruhv
kdv wkh odujhvw hvwlpdwhg frh!flhqw/ fS1 Doo ri wkh rwkhu vwdwlvwlfdoo|
vljqlfdqw frh!flhqwv htxdo ru h{fhhg Dssduho dqg Dffhvvru| Vwruhv* hvwl0
pdwh ri ff.b1 Wkhvh hvwlpdwhv duh vxevwdqwldoo| juhdwhu wkdq wkrvh iru wkh
irxu lqgxvwulhv zlwk srvlwlyh exw lqvljqlfdqw frh!flhqwv/ zklfk udqjh iurp
ffD iru Guxj Vwruhv wr fff iru Plvfhoodqhrxv Uhwdlo1 Wkh hvwlpdwh iru
D o oU h w d l oW u d g h /f  fe2/ uh hfwv srsxodwlrqv* vwurqj hhfw rq dyhudjh vdohv lq
vrph lqgxvwulhv dqg lwv zhdn ru qrqh{lvwhqw hhfw lq wkh rwkhuv1 Wkh iruphu
jurxs ri lqgxvwulhv lv vx!flhqwo| lpsruwdqw wr ohqg wklv frh!flhqw vwdwlvwlfdo
vljqlfdqfh1 Wkh vlpsoh lqwhusuhwdwlrq ri wkhvh frh!flhqwv iurp Htxdwlrq
8 lq Vhfwlrq 5 lv wkdw wkhlu qhjdwlyhv duh wkh htxloleulxp hodvwlflwlhv ri hv0
wdeolvkphqwv* shufhqwdjh pdunxsv zlwk uhvshfw wr pdunhw vl}h1 Wkhuhiruh/
zlwklq wkh frqwh{w ri wkdw prgho/ zh revhuyh wkdw hvwdeolvkphqwv* pdunxsv
idoo zlwk pdunhw vl}h iru prvw wzrgljlw lqgxvwulhv/ zklfk lv frqvlvwhqw zlwk
wkh hvwlpdwhv dqg lqwhusuhwdwlrq ri wkh hvwdeolvkphqw uhjuhvvlrqv1
Iru Dssduho dqg Dffhvvru| Vwruhv/ PVD srsxodwlrq whqgv wr lqfuhdvh
hvwdeolvkphqwv* dyhudjh hpsor|phqw dv zhoo dv wkhlu dyhudjh vdohv1 Wkh hv0
wlpdwh ri qr iurp wkdw lqgxvwu|*v hpsor|phqw uhjuhvvlrq/ ffebD/ lv vpdoohu
49wkdq wkh hvwlpdwh iru lwv vdohv uhjuhvvlrq/ exw lw lv vwloo vwdwlvwlfdoo| vljqlfdqw1
Wkh hvwlpdwhv ri qr iru doo ri wkh rwkhu lqgxvwulhv* hpsor|phqw uhjuhvvlrqv
duh dovr srvlwlyh dqg vhyhq ri wkhp duh vwdwlvwlfdoo| vljqlfdqw1 Wkh yh lq0
gxvwulhv zlwk vwdwlvwlfdoo| vljqlfdqw frh!flhqwv iurp wkh vdohv uhjuhvvlrqv
dovr kdyh vwdwlvwlfdoo| vljqlfdqw frh!flhqwv lq wkh hpsor|phqw uhjuhvvlrqv1
Wkh uhpdlqlqj wzr lqgxvwulhv zlwk vljqlfdqw frh!flhqwv lq wkh hpsor|phqw
uhjuhvvlrq duh Hdwlqj dqg Gulqnlqj Sodfhv dqg Plvfhoodqhrxv Uhwdlo1 D txlfn
whvw ri wkh qxoo k|srwkhvlv wkdw PVD srsxodwlrq lq xhqfhv qhlwkhu phdvxuh
ri dyhudjh hvwdeolvkphqw vl}h fdq eh frqgxfwhg xvlqj wkh frqvhuydwlyh Erq0
ihuurql surfhgxuh edvhg rq wkh odujhvw ri wkh wzr frh!flhqwv* |vwdwlvwlfv1
Iru d whvw zlwk d DI vl}h/ wkh uhohydqw fulwlfdo ydoxh lv 22e1W k ho d u j h v w| 
vwdwlvwlf iru Hdwlqj dqg Gulqnlqj Sodfhv lv 2ef/ zkloh wkdw iru Plvfhoodqhrxv
Uhwdlo lv 2f.1 Iru Exloglqj Pdwhuldov dqg Jdughq Vxssolhv/ Irrg Vwruhv/
dqg Guxj Vwruhv/ qhlwkhu ri wkh uhohydqw |vwdwlvwlfv lv deryh bS/z k l o hw k h
odujhvw |vwdwlvwlfv iru wkh uhpdlqlqj lqgxvwulhv duh doo zhoo deryh wkh fulwlfdo
ydoxh1 Wr vxppdul}h/ wkh Erqihuurql surfhgxuh uhmhfwv wkh qxoo k|srwkhvlv
iru vl{ ri wkh whq wzr gljlw lqgxvwulhv1 Dffruglqj wr wkh 4<<5 Fhqvxv ri Uh0
wdlo Wudgh/ wkh wrwdo hpsor|phqw dqg sd|uroo ri wkhvh vl{ lqgxvwulhv lq 4<<5
zdv 2ceDcHf2 shuvrqv/ dqg mefcDDcH.cfff1 Wrjhwkhu/ wkh| dffrxqw iru
SI ri wkh uhwdlo wudgh vhfwru*v sd|uroo dqg S.I ri lwv hpsor|phqw/ vr wkh|
uhsuhvhqw d vljqlfdqw yroxph ri hfrqrplf dfwlylw|1
Dv zh qrwhg lq wkh lqwurgxfwlrq/ Irrg Vwruhv lv dprqj wkrvh lqgxvwulhv
iru zklfk wkh hvwlpdwhg frh!flhqwv lq wkh wzr dyhudjh vl}h uhjuhvvlrqv duh
srvlwlyh exw vwdwlvwlfdoo| lqvljqlfdqw1 Uhfdoo iurp Wdeoh 4 wkdw Irrg Vwruhv
glvsod|v d odujh qxpehu ri vpdoo/ vlqjoh xqlw upv dqg odujh glhuhqfhv lq
dyhudjh hvwdeolvkphqw vdohv ehwzhhq hvwdeolvkphqwv lq pxowlxqlw dqg vlqjoh
xqlw upv1 Wkhvh ihdwxuhv dovr fkdudfwhul}h wkh rwkhu lqgxvwulhv iru zklfk wkh
Erqihuurql whvwv idlo wr ghwhfw pdunhw vl}h hhfwv rq dyhudjh hvwdeolvkphqw
vl}h1 Lqghhg/ li zh rughu wkh wzr gljlw lqgxvwulhv e| wkh dyhudjh vdohv udwlr
lq wkh wklug froxpq ri Wdeoh 4/ Exloglqj Pdwhuldov dqg Jdughq Vxssolhv/
Irrg Vwruhv/ Guxj Vwruhv/ dqg Plvfhoodqhrxv Uhwdlo duh doo dprqj wkh yh
lqgxvwulhv zlwk wkh odujhvw pxowlxqlw wr vlqjoh xqlw dyhudjh vdohv udwlr1 Zkdw
glvwlqjxlvkhv wkhvh irxu lqgxvwulhv iurp Jhqhudo Phufkdqglvh Vwruhv/ zkhuh
zh qg odujh pdunhw vl}h hhfwv dqg wkh odujhvw dyhudjh vdohv udwlr/ lv wkh
suhvhqfh ri d odujh iulqjh ri vpdoo/ vlqjoh xqlw upv1 Li pdunxsv dw wkh grp0
lqdqw pxowlxqlw upv idoo zlwk pdunhw vl}h exw wkrvh dw wkh frpshwlwlyh
vlqjoh xqlw iulqjh gr qrw/ wkhq dyhudjh vdohv dqg hpsor|phqw/ zklfk uh hfw
w k hf r q g x f wr ie r w kw | s h vr is u r g x f h u v /p d |r q o |z h d n o |u h  h f ww k h g r p l 0
4:qdqw upv* ehkdylru1 Rq wkh rwkhu kdqg/ dq| fkdqjh lq grplqdqw upv*
frqgxfw pd| dovr fkdqjh wkh htxloleulxp vl}h ri wkh frpshwlwlyh iulqjh/
dqg vr eh uh hfwhg lq wkh qxpehu ri hvwdeolvkphqwv shu fdslwd1 Pruh upo|
hvwdeolvklqj wkh uroh ri glhuhqw upv lq surgxflqj rxu revhuydwlrqv uhtxluhv
pruh lqirupdwlrq rq hvwdeolvkphqwv* up d!oldwlrqv wkdq lv dydlodeoh lq wkh
FUW/ dqg vr lv eh|rqg wkh vfrsh ri wklv sdshu1
715 Frqwuro Yduldeoh Frh!flhqwv
Wdeoh 8 vkrzv wkdw wkh hvwlpdwhg frh!flhqwv iru pdq| ri wkh frqwuro ydul0
deohv lq Dssduho dqg Dffhvvru| Vwruhv duh vwdwlvwlfdoo| vljqlfdqw/ mxvwli|lqj
wkhlu lqfoxvlrq1 Iru h{dpsoh/ wkh shufhqwdjh ri dgxowv ryhu 58 |hduv rog zlwk
edfkhoru*v ghjuhhv vljqlfdqwo| lqfuhdvhv erwk hvwdeolvkphqwv shu fdslwd dqg
wkhlu dyhudjh vdohv dqg hpsor|phqw iru wkdw lqgxvwu|1 Wdeoh : surylghv d
pruh frpsohwh ryhuylhz ri wkh frqwuro yduldeohv* hvwlpdwhg frh!flhqwv lq
wkh uhjuhvvlrqv1 Hdfk ri wkh wdeoh*v urzv fruuhvsrqgv wr rqh ri wkh frqwuro
yduldeohv lqfoxghg lq %/ dqg hdfk ri lwv froxpqv fruuhvsrqgv wr rqh ri wkh
wkuhh ghshqghqw yduldeohv zh frqvlghu1 Wkh uvw hohphqw lq hdfk fhoo lv wkh
qxpehu ri uhjuhvvlrqv xvlqj wzr gljlw lqgxvwu| gdwd lq zklfk wkh fruuhvsrqg0
lqj |vwdwlvwlf lv juhdwhu wkdq bS/ dqg wkh vhfrqg hohphqw lv wkh qxpehu
ri vxfk uhjuhvvlrqv iru zklfk wkh |vwdwlvwlf lv ohvv wkdq bS1D o o r i w k h
frqwuro yduldeohv dsshdu vljqlfdqwo| lq dw ohdvw yh ri wkh f uhjuhvvlrqv/
exw wkhlu lpsruwdqfh iru wkh h{huflvh dv d zkroh fohduo| ydulhv1 Wkh wkuhh gh0
prjudsklf fkdudfwhulvwlfv/ phgldq lqfrph/ wkh shufhqwdjh ri wkh srsxodwlrq
wkdw lv Eodfn/ dqg wkh shufhqwdjh ri wkh dgxow srsxodwlrq zlwk d edfkhoru*v
ghjuhh/ duh xvxdoo| vwdwlvwlfdoo| vljqlfdqw1 Ixuwkhupruh/ wkh vljqv ri wkhlu
hvwlpdwhg frh!flhqwv duh idluo| frqvlvwhqw dfurvv wkh whq lqgxvwulhv1 Iru h{0
dpsoh/ PVD*v zlwk d kljkhu shufhqwdjh ri Eodfn uhvlghqwv whqg wr kdyh pruh/
exw vpdoohu/ hvwdeolvkphqwv1
Wkh dyhudjh uhwdlo zdjh/ phgldq uhqw/ dqg srsxodwlrq jurzwk duh vrph0
zkdw ohvv iuhtxhqwo| vljqlfdqw1 Zkhq wkh| duh vljqlfdqw/ wkhlu vljqv duh
frqvlvwhqw dfurvv wkh dyhudjh vdohv dqg hpsor|phqw uhjuhvvlrqv1 Hyhq lq d
vlpsoh iuhh hqwu| prgho ri sulfhwdnlqj frpshwlwlyh ehkdylru zlwk krpr0
jhqhrxv hvwdeolvkphqwv/ wkh frpsdudwlyh vwdwlfv ri zdjhv dqg uhqw rq wkh
ghshqghqw yduldeohv fdqqrw eh xqdpeljxrxvo| vljqhg1 Wkhuhiruh/ lw lv lp0
srvvleoh wr vwdwh zkhwkhu ru qrw wkhvh frh!flhqwv* vljqv duh vxusulvlqj1 Lq
yh ri wkh whq uhjuhvvlrqv/ srsxodwlrq jurzwk lv dvvrfldwhg zlwk hlwkhu kljkhu
dyhudjh vdohv ru kljkhu dyhudjh hpsor|phqw/ zklfk zhdno| fkdoohqjhv wkh
4;lqwxlwlrq rhuhg lq Vhfwlrq 61517 wkdw wkh vpdoo qhz surgxfhuv wkdw hqwhu iro0
orzlqj srsxodwlrq jurzwk uhgxfh dyhudjh hvwdeolvkphqw vl}hv1 Rxu phdvxuhv
ri xuedql}dwlrq vslooryhuv dsshdu wr dgg olwwoh wr wkh uhjuhvvlrq vshflfdwlrqv1
Wkh xqlpsruwdqfh ri ghqvlw| lq rxu uhjuhvvlrqv frqwudvwv zlwk Glqohuvr}*v
+4<<;, uhvxowv iru pdqxidfwxulqj*v wzrgljlw lqgxvwulhv1 Lq vhyhq ri wkrvh lq0
gxvwulhv/ srsxodwlrq ghqvlw| lqfuhdvhv hvwdeolvkphqw vl}hv1 Srsxodwlrq lwvhoi
lqfuhdvhv hvwdeolvkphqw vl}h lq rqo| wkuhh lqgxvwulhv dqg ghfuhdvhv lw lq yh
lqgxvwulhv1 Wkxv/ lw dsshduv wkdw rxu qglqj ri odujhu hvwdeolvkphqwv lq odujhu
PVD*v grhv qrw vlpso| uh hfw wkh hhfwv ri xuedql}dwlrq rq hvwdeolvkphqwv
lq doo vhfwruv1
8 Frpsdulvrq zlwk Euhvqdkdq dqg Uhlvv
Lq d vdpsoh ri vpdoo uxudo pdunhwv/ Euhvqdkdq dqg Uhlvv +4<<4, vkrzhg
wkdw rqfh d pdunhw lv odujh hqrxjk wr vxssruw wzr ru wkuhh surgxfhuv/ wkh
qxpehu ri fxvwrphuv qhfhvvdu| wr vxssruw hdfk dgglwlrqdo surgxfhu lv urxjko|
frqvwdqw1 Wr dwwhpsw wr uhvroyh wkh dssduhqw glvfuhsdqf| ehwzhhq rxu uhvxowv
dqg Euhvqdkdq dqg Uhlvv*v/ zh fdq h{dplqh revhuydwlrqv iurp PVD*v ri wkh
lqgxvwulhv wkh| vwxg| lq ghwdlo1 Wkuhh ri wkhlu lqgxvwulhv/ grfwruv/ ghqwlvwv/
dqg soxpehuv/ duh rxwvlgh ri wkh uhwdlo wudgh vhfwru/ vr zh duh xqdeoh wr
dgguhvv wkhlu ehkdylru zlwk rxu gdwd1 Wkh FUW grhv frqwdlq gdwd iru wkh
uhpdlqlqj wzr lqgxvwulhv/ guxjjlvwv dqg wluh ghdohuv1 Uhfdoo iurp Wdeoh 9 wkdw
Guxj Vwruhv/ VLF 8<4/ zdv wkh rqo| lqgxvwu| wkdw idlohg wr glvsod| vwdwlvwlfdoo|
vljqlfdqw pdunhw vl}h hhfwv lq lwv hvwdeolvkphqw uhjuhvvlrq/ dowkrxjk wkh |
vwdwlvwlf zdv yhu| forvh wr wkh dssursuldwh DI fulwlfdo ydoxh1 Dowkrxjk wkh
irupdo vwdwlvwlfdo whvw uhyhdov qr qhfhvvdu| frqwudglfwlrq ehwzhhq rxu uhvxowv
dqg Euhvqdkdq dqg Uhlvv*v iru wklv lqgxvwu|/ wkh odujh hvwlpdwhg frh!flhqw
lv vwloo sx}}olqj dqg zduudqwv ixuwkhu h{dplqdwlrq1
Wkh wluh ghdohuv lq Euhvqdkdq dqg Uhlvv*v vdpsoh ehorqj wr VLF 88/ Dx0
wrpreloh Ghdohuv1 Wkhlu sduhqw wkuhh0gljlw lqgxvwu|/ Dxwr dqg Krph Vxsso|
Vwruhv/ dffrxqwv iru eI ri wkh wzr0gljlw lqgxvwu|*v hvwdeolvkphqwv exw rqo|
.I ri lwv vdohv1H Wkhuhiruh/ zh vkrxog kdugo| h{shfw wkh uhvxowv iru wkdw
wzr0gljlw lqgxvwu| wr uh hfw rqo| wluh ghdohuv1 Iruwxqdwho|/ wkh FUW*v revhu0
ydwlrqv iru VLF 88*v frqvwlwxhqw wkuhh0gljlw lqgxvwulhv duh uhodwlyho| frpsohwh
dqg iuhh ri glvforvxuh sureohpv/ vr zh fdq uhshdw rxu uhjuhvvlrq dqdo|vlv
iru wkh uhodwlyho| odujh Qhz dqg Xvhg Fdu Ghdohuv dqg uhodwlyho| vpdoo Xvhg
Fdu Ghdohuv/ Dxwr dqg Krph Vxsso| Vwruhv/ dqg Plvfhoodqhrxv Dxwr Ghdohuv
4<vhsdudwho|1b
Wdeoh ; uhsruwv wkh hvwlpdwhg frh!flhqwv rq PVD srsxodwlrq iru wkhvh
hvwdeolvkphqw/ vdohv/ dqg hpsor|phqw uhjuhvvlrqv1￿f Lq Dxwr dqg Krph Vxs0
so| Vwruhv/ PVD srsxodwlrq idlov wr vljqlfdqwo| lpsdfw hlwkhu hvwdeolvkphqwv
shu fdslwd ru wrwdo hpsor|phqw1 Lqghhg/ wkh hvwlpdwhg frh!flhqw lq wkh hv0
wdeolvkphqw uhjuhvvlrq lv srvlwlyh1 Wkh uhpdlqlqj wkuhh gljlw lqgxvwulhv doo
glvsod| qhjdwlyh dqg vljqlfdqw frh!flhqwv lq wkh hvwdeolvkphqw uhjuhvvlrqv
dqg srvlwlyh dqg vljqlfdqw frh!flhqwv lq wkh wzr dyhudjh vl}h uhjuhvvlrqv1
Lqghhg/ wkh hvwlpdwhg hhfwv ri PVD srsxodwlrq rq wkhvh vwdwlvwlfv whqg wr
eh pxfk odujhu wkdq wkh fruuhvsrqglqj hhfwv hvwlpdwhg xvlqj wkh pruh dj0
juhjdwhg wzr0gljlw gdwd1 Wkhvh uhvxowv lqglfdwh wkdw Euhvqdkdq dqg Uhlvv*v
dqdo|vlv ri wluh ghdohuv lv frqvlvwhqw zlwk revhuydwlrqv ri wkdw lqgxvwu| lq
pxfk odujhu pdunhwv/ vr wkh glvfuhsdqf| ehwzhhq rxu uhvxowv dqg wkhluv grhv
qrw dsshdu wr uh hfw frxqwhulqwxlwlyh glhuhqfhv lq surgxfhu frqgxfw dfurvv
odujh dqg vpdoo frqgxfw1 Udwkhu/ Dxwr dqg Krph Vxsso| Vwruhv vhhp wr eh
qrw uhsuhvhqwdwlyh ri wkh uhwdlo wudgh vhfwru1
9 Vhplolqhdu Uhjuhvvlrq Uhvxowv
Dowkrxjk olqhdu uhjuhvvlrq hvwlpdwlrq lv fohduo| frqyhqlhqw/ lw xqqhfhvvdulo|
frqvwudlqv PVD srsxodwlrq wr kdyh d orjolqhdu uhodwlrqvkls zlwk wkh ghshq0
ghqw yduldeoh1 Wklv lv srwhqwldoo| sureohpdwlf ehfdxvh d qxpehu ri lqwhuhvwlqj
prghov ihdwxuh vwudwhjlf lqwhudfwlrq lq vpdoo pdunhwv zlwk ihz surgxfhuv dqg
lwv yluwxdo devhqfh lq odujhu pdunhwv zlwk pdq| surgxfhuv1 Rqh h{dpsoh ri
vxfk d prgho lv Frxuqrw frpshwlwlrq zlwk vwulfwo| frqyh{ frvw ixqfwlrqv1 Dq
dssurdfk wr fkdudfwhul}lqj pdunhw vl}h hhfwv lq rxu vdpsoh zlwkrxw frq0
vwudlqlqj wkhp wr eh olqhdu lv wr hvwlpdwh d vhplolqhdu uhjuhvvlrq prgho wkdw
rqo| frqvwudlqv wkh frqwuro yduldeohv lq % wr lpsdfw wkh ghshqghqw yduldeoh
lq d olqhdu zd|1 Iru wklv prgho/ wkh uhohydqw uhjuhvvlrq htxdwlrq lv
+ ' s Ernq
￿
%%n +:,
Lq Htxdwlrq :/ wkh ixqfwlrq s Er lv rqo| dvvxphg wr vdwlvi| plog uhjxodulw|
frqglwlrqv/ vr qrqsdudphwulf hvwlpdwhv ri s Er fdq surylgh lqirupdwlrq rq
wkh vkdsh ri wkh uhodwlrqvkls ehwzhhq PVD srsxodwlrq dqg lqgxvwu| fkdudf0
whulvwlfv wkdw wkh olqhdu uhjuhvvlrq hvwlpdwhv gr qrw fdswxuh1
\dwfkhz +4<<:, surylghv d vlpsoh hvwlpdwru ri wklv prgho edvhg rq rughu0
lqj wkh revhuydwlrqv lq dvfhqglqj rughu ri r dqg glhuhqflqj wkh uhvxowlqj uh0
53juhvvlrq htxdwlrq1 Ehfdxvh s Er lv frqwlqxrxv/ s Er￿ lv dssur{lpdwho| htxdo
wr s Er￿3￿ lq odujh vdpsohv1 Wkhuhiruh/ q% lv wkh rqo| sdudphwhu dv|pswrwl0
fdoo| uhpdlqlqj lq wkh glhuhqfhg uhjuhvvlrq htxdwlrq1
+￿  +￿3￿  q% E%￿  %￿3￿n ￿ ￿ 3 ￿ +;,
Dsso|lqj ruglqdu| ohdvw vtxduhv wr Htxdwlrq ; |lhogv d frqvlvwhqw hvwlpdwru
ri q%1 Wkh ixqfwlrq s Er fdq wkhq eh hvwlpdwhg xvlqj d xqlyduldwh Qdgdud|d
Zdwvrq hvwlpdwru zlwk r￿ dqg wkh fruuhfwhg ghshqghqw yduldeoh/
e +￿ ' +￿  e q%%￿c
dv wkh lqghshqghqw dqg ghshqghqw yduldeohv1 Djdlq/ wr frqvhuyh vsdfh/ zh
uhsruw wkh uhvxowv lq ghwdlo iru rqo| Dssduho dqg Dffhvvru| Vwruhv dqg zh
vxppdul}h wkh uhvxowv iru wkh uhpdlqlqj lqgxvwulhv1
Iljxuhv 6 dqg 7 sorw wkh hvwlpdwhv ri s Er iurp wkh hvwdeolvkphqw dqg
vdohv uhjuhvvlrqv iru Dssduho dqg Dffhvvru| Vwruhv1 Wkh dqdorjrxv jxuh
iru wkh hpsor|phqw uhjuhvvlrq lv yhu| vlplodu wr Iljxuh 71 Wkh flufohv lq wkh
jxuhv sorw wkh frqvwuxfwhg ghshqghqw yduldeoh e +￿ yhuvxv r￿/ dqg wkh vrolg olqh
sorwv wkh hvwlpdwh ri s Er1 Wkh hvwlpdwlrq xvhv d vwdqgdug Jdxvvldq nhuqho
ixqfwlrq zlwk d edqgzlgwk ri f21￿￿ Wr idflolwdwh d ylvxdo frpsdulvrq ri wkh
hvwlpdwhg fxuyh zlwk d olqhdu ixqfwlrq/ wkh gdvkhg olqhv sorw wkh hvwlpdwhg
olqhdu ixqfwlrq iurp uhjuhvvlqj e +￿ djdlqvw r￿ xvlqj ruglqdu| ohdvw vtxduhv1￿2
Wkh vhplolqhdu uhjuhvvlrqv ohdyh wkh vdph jhqhudo lpsuhvvlrq dv wkh olqhdu
uhjuhvvlrqv1 Ixuwkhupruh/ wkh hvwlpdwhg uhjuhvvlrq ixqfwlrqv erwk zljjoh
durxqg wkh sorwwhg olqhdu ixqfwlrq rqo| voljkwo|/ ohdylqj wkh lpsuhvvlrq wkdw
d olqhdu vshflfdwlrq iru wkh uhjuhvvlrq ixqfwlrq lv suredeo| dghtxdwh1
D pruh irupdo whvw ri wkh k|srwkhvlv wkdw wkh wuxh uhjuhvvlrq ixqfwlrq lv
olqhdu lq r￿ fdq eh frqvwuxfwhg e| frpsdulqj wkh vxp ri vtxduhg uhvlgxdov
iurp ROV hvwlpdwlrq ri qr dqg q% zlwk wkh rqh kdoi ri wkh dqdorjrxv vxp
iurp wkh dssolfdwlrq ri Htxdwlrq ; wr hvwlpdwh q%1 \dwfkhz +4<<:, vkrzv wkdw
vxewudfwlqj wkh odwwhu iurp wkh iruphu/ glylglqj e| wkh odwwhu/ dqg vfdolqj wkh
uhvxow e| wkh vtxduh urrw ri wkh vdpsoh vl}h |lhogv d vwdwlvwlf zlwk d vwdqgdug
qrupdo glvwulexwlrq xqghu wkh qxoo k|srwkhvlv wkdw wkh uhjuhvvlrq ixqfwlrq
lv olqhdu1 Xqghu wkh dowhuqdwlyh k|srwkhvlv wkdw wkh uhjuhvvlrq ixqfwlrq lv
qrqolqhdu lq r/ zh h{shfw wkh olqhdu htxdwlrq wr w srruo| uhodwlyh wr wkh
qrqolqhdu htxdwlrq/ vr zh uhmhfw wkh qxoo k|srwkhvlv zkhq wkh whvw vwdwlvwlf
lv odujh dqg srvlwlyh1 Rqh ghvludeoh fkdudfwhulvwlf ri wklv whvw vwdwlvwlf lv wkdw
lw grhv qrw ghshqg rq wkh edqgzlgwk ru nhuqho vhohfwlrq iru wkh hvwlpdwh ri
s Er1
54Wdeoh < uhsruwv wkhvh whvwv iru hdfk ri wkh wkluw|0wkuhh uhjuhvvlrqv zh hvwl0
pdwhg xvlqj wkh FUW gdwd1 Doo exw wkuhh ri wkh vwdwlvwlfv duh ehorz wkh DI
fulwlfdo ydoxh ri SeD1 Wzr ri wkhvh uhmhfwlrqv rffxu lq wkh hvwdeolvkphqw dqg
dyhudjh hpsor|phqw uhjuhvvlrqv ri Hdwlqj dqg Gulqnlqj Sodfhv1 Lq erwk ri
wkhvh fdvhv/ wkh hvwlpdwhg uhjuhvvlrq fxuyh whqgv wr  dwwhq rxw lq odujhu PVD
srsxodwlrqv1 Wkh wklug uhmhfwlrq rffxuv lq wkh dyhudjh hpsor|phqw uhjuhvvlrq
iru Irrg Vwruhv1 Lq wkdw uhjuhvvlrq/ wkh hvwlpdwh ri s Er lv  dw ryhu prvw ri
srsxodwlrq*v vxssruw/ exw lw kdv wzr vxevwdqwldo lqfuhdvhv/ ehjlqqlqj derxw
rqh vwdqgdug ghyldwlrq ehorz dqg deryh phdq PVD srsxodwlrq1 Wkxv/ rxu
hduolhu qglqj ri qr vxevwdqwldo pdunhw vl}h hhfwv rq Irrg Vwruhv* dyhudjh
vl}h pd| eh dq duwlidfw ri rxu olqhdu uhjuhvvlrq vshflfdwlrq1 Vxusulvlqjo|/
wkh whvw vwdwlvwlf iru Dssduho dqg Dffhvvru| Vwruhv hvwdeolvkphqw uhjuhvvlrq
lv forvh wr wkh fulwlfdo ydoxh/ exw wkh uhpdlqlqj whvw vwdwlvwlfv duh zhoo ehorz
SeD1 Zlwk wkhvh h{fhswlrqv/ zh fdq frqfoxgh wkdw wkh dvvxpswlrq ri d
olqhdu uhjuhvvlrq fxuyh lv qrw jurvvo| dw rggv zlwk wkh gdwd1
: Frqfoxvlrq
Iurp wkh shuvshfwlyh ri prghov lq zklfk hvwdeolvkphqwv* srvwhqwu| surwv
duh lqyduldqw wr wkh qxpehu ri frpshwlwruv/ rxu uhvxowv duh vxusulvlqj1 Lq
vxfk prghov/ lqfuhdvhv lq wkh qxpehu ri hvwdeolvkphqwv hqwluho| dffrpprgdwh
jurzwk lq ghpdqg/ dqg wkh hvwdeolvkphqw vl}h glvwulexwlrq lv lqyduldqw wr wkh
vl}h ri wkh pdunhw1 Zh looxvwudwhg wkhvh srlqwv zlwk d vlpsoh wzr shulrg iuhh
hqwu| prgho ri frpshwlwlrq lq Vhfwlrq 5/ exw wkh| krog pxfk pruh jhqhudoo|1
Krshqkd|q*v +4<<5, prgho ri shuihfw frpshwlwlrq dqg Ilvkpdq dqg Ure*v
+4<<;, prgho ri frqvxphu vhdufk dqg prqrsrolvwlf frpshwlwlrq lqfrusrudwh
vxqn frvwv ri hqwu|/ surgxfhu vshflf xqfhuwdlqw|/ dqg luuhyhuvleoh h{lw1 Erwk
ri wkhvh prghov vkduh wkh suhglfwlrqv ri wkh vlpsoh prgho1 Lq frqwudvw zlwk
vxfk prghov/ zh revhuyh lq rxu vdpsoh ri 5<: PVD*v wkdw wkh qxpehu ri
uhwdlo hvwdeolvkphqwv shu fdslwd ghfolqhv dqg wkh dyhudjh hpsor|phqw dqg
vdohv ri wkrvh hvwdeolvkphqwv lqfuhdvhv zlwk PVD srsxodwlrq1 Wklv lv wuxh
erwk iru wkh uhwdlo wudgh vhfwru dv d zkroh dqg prvw ri lwv frqvwlwxhqw wzr gljlw
lqgxvwulhv1 Wkxv/ zh frqfoxgh wkdw pdunhw vl}h pdwwhuv iru wkh rujdql}dwlrq
ri uhwdlo wudgh lqgxvwulhv1
Yhuvlrqv ri Vhfwlrq 5*v fdqrqlfdo prgho lq zklfk surgxfhuv orvh wkhlu
pdunhw srzhu zlwk wkh dgglwlrq ri qhz frpshwlwruv/ dv lv w|slfdo ri roljrsro|
prghov/ fdq uhsurgxfh rxu revhuydwlrqv/ ehfdxvh wkh ghfolqh lq surwv shu
55fxvwrphu dqg pdunxsv pxvw eh pdwfkhg e| fruuhvsrqglqj lqfuhdvhv lq fxv0
wrphuv dqg vdohv vr wkdw wrwdo surwv htxdo wkh {hg frvw ri hqwu|1 Wkh vxffhvv
ri wklv vlpsoh prgho dw txdolwdwlyho| uhsurgxflqj rxu qglqjv vxjjhvwv wkdw
lwv ixuwkhu ghyhorsphqw dqg dssolfdwlrq wr orfdo frpshwlwlrq/ dv lq Gdylv*v
+4<<;, vwxg| ri flqhpdv* vsdwldo glhuhqwldwlrq/ zrxog eh iuxlwixo1 Yhuvlrqv
ri wkhvh prghov wkdw lqfrusrudwh qrqwulyldo surgxfhu g|qdplfv duh lq wkhlu
lqidqf|1 Lq d iudphzrun zlwk wkuhh shulrgv/ Edjzhoo/ Udph|/ dqg Vsxoehu
+4<<8, prgho wkh hyroxwlrq ri d srro ri h{ dqwh lghqwlfdo srwhqwldo hqwudqwv
lqwr d pdwxuh uhwdlo lqgxvwu| zlwk d grplqdqw vxshuvwruh dqg d iulqjh ri
vpdoo prqrsrolvwlfdoo| frpshwlwlyh upv1 Lqwurgxflqj rqjrlqj g|qdplf gh0
flvlrqv ri hqwu|/ fdsdflw| fkrlfh/ dqg h{lw lqwr vxfk d prgho lv olnho| wr eh
gl!fxow iru wkh vdph uhdvrq wkdw lw zrxog eh lqwhuhvwlqj= vwudwhjlf lqwhudfwlrq
ehwzhhq surgxfhuv fkdudfwhul}hv roljrsro|1 Hulfvrq dqg Sdnhv +4<<8, pdgh
vrph surjuhvv rq wklv iurqw zlwk d frpsxwdeoh prgho ri roljrsrolvwlf frpsh0
wlwlrq dqg U)G h{shqglwxuhv1 Wkh ixuwkhu ghyhorsphqw ri wkhvh prghov dqg
wkhlu dssolfdwlrq wr uhwdlo wudgh frpshwlwlrq lv ghvludeoh1
Rxu hpslulfdo uhvxowv dovr kdyh lpsolfdwlrqv iru ixwxuh hpslulfdo uhvhdufk
lqwr wkh eluwk/ jurzwk/ dqg ghdwk ri uhwdlo wudgh hvwdeolvkphqwv/ zklfk wkh
fxuuhqw ghyhorsphqw ri wkh X1V1 Fhqvxv Exuhdx*v Orqjlwxglqdo Exvlqhvv
Gdwdedvh lv pdnlqj srvvleoh1 Vrph sdvw hpslulfdo fkdudfwhul}dwlrqv ri hv0
wdeolvkphqw g|qdplfv xvlqj pdqxidfwxulqj gdwd/ vxfk dv Gxqqh/ Urehuwv/
dqg Vdpxhovrq*v +4<;<,/ kdyh xvhg shuihfwo| frpshwlwlyh lqgxvwuldo rujdql}d0
wlrq wkhru| wr iudph wkhlu uhvxowv dqg kdyh jhqhudoo| ljqruhg wkh jhrjudsklf
dvshfwv ri wkhlu gdwd1 Rxu uhvxowv vxjjhvw wkdw shuihfwo| frpshwlwlyh wkhru|
lv lqdssursuldwh iru vxfk vwxglhv zlwk uhwdlo wudgh gdwd dqg wkh| klqw dw wkh
lpsruwdqfh ri orfdo lqwhudfwlrqv iru uhwdlo hvwdeolvkphqw g|qdplfv1 Hvwde0
olvkphqw ohyho vwxglhv fdq lq wxuq frqwulexwh wr xqghuvwdqglqj wkh xowlpdwh
vrxufhv ri wklv sdshu*v revhuydwlrqv1 Iru h{dpsoh/ grfxphqwlqj krz eluwk/
jurzwk/ dqg h{lw sdwwhuqv ydu| dfurvv PVD*v fdq ghwhuplqh zkhwkhu hvwde0
olvkphqwv duh odujhu lq odujhu PVD*v ehfdxvh wkh| duh eruq odujhu/ jurz idvwhu/
ru xqghujr d pruh uljrurxv srvwhqwu| vhohfwlrq surfhvv1 Ilvfkhu dqg Kdu0
ulqjwrq +4<<9, grfxphqwhg wkh shuydvlyh/ wkrxjk qrw xqlyhuvdo/ jhrjudsklf
foxvwhulqj ri hvwdeolvkphqwv rhulqj vlplodu jrrgv dqg vhuylfhv wr wkh sxeolf/
dqg wkh| prghohg d surgxfhu*v fkrlfh wr mrlq d foxvwhu ri frpshwlwruv dv wudg0
lqj r lqfuhdvhg sulfh frpshwlwlrq zlwk lqfuhdvhg fxvwrphu ylvlelolw|1 Pruh
h{whqvlyho| grfxphqwlqj wkh lpsruwdqfh dqg ghyhorsphqw ri wkhvh frpshwl0
wlyh foxvwhuv lq glhuhqw flwlhv fdq looxplqdwh wkhlu uroh/ li dq|/ lq surgxflqj
rxu revhuydwlrqv1
56Uhihuhqfhv
Edjzhoo/ N|oh/ Jduh| Udph|/ dqg Gdqlho I1 Vsxoehu1 4<<:1 G|qdplf Uhwdlo
Sulfh dqg Lqyhvwphqw Frpshwlwlrq1 UDQG Mrxuqdo ri Hfrqrplfv/ 5;+5,/
53:55:1
Ehuu|/ Vwhyhq W1 4<<51 Hvwlpdwlrq ri d Prgho ri Hqwu| lq wkh Dluolqh Lqgxvwu|1
Hfrqrphwulfd/ 93+7,/ ;;<<4:1
Euhvqdkdq/ Wlprwk| I1 dqg Shwhu F1 Uhlvv1 4<<41 Hqwu| dqg Frpshwlwlrq
lq Frqfhqwudwhg Pdunhwv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <<+8,/ <::433<1
Fkhydolhu/ Mxglwk D1 4<<81 Fdslwdo Vwuxfwxuh dqg SurgxfwPdunhw Frp0
shwlwlrq= Hpslulfdo Hylghqfh iurp wkh Vxshupdunhw Lqgxvwu|1 Dphulfdq
Hfrqrplf Uhylhz/ ;8+6,/ 7487681
Flffrqh/ Dqwrqlr1 4<<:1 G|qdplf H{whuqdolwlhv dqg wkh Vsdwldo Glvwulexwlrq
ri Zdjhv lq wkh X1V1 Xqsxeolvkhg Pdqxvfulsw/ Xqlyhuvlwdw Srpshx Ideud1
Flffrqh/ Dqwrqlr dqg Urehuw H1 Kdoo1 4<<91 Surgxfwlylw| dqg wkh Ghqvlw|
ri Hfrqrplf Dfwlylw|1 Dphulfdq Hfrqrplf Uhylhz/ ;9+4,/ 87:31
Gdylv/ Shwhu1 4<<;1 Vsdwldo Frpshwlwlrq lq Uhwdlo Pdunhwv= Prylh Wkhdwuhv1
Xqsxeolvkhg Pdqxvfulsw/ PLW1
Glqohuvr}/ Hplq P1 4<<;1 Djjorphudwlrq dqg Hvwdeolvkphqw Vl}h lq X1V1
Pdqxidfwxulqj1 Xqsxeolvkhg Zrunlqj Sdshu/ Xqlyhuvlw| ri Urfkhvwhu1
Gl{lw/ Dylqdvk N1 dqg Mrvhsk H1 Vwljolw}1 4<::1 Prqrsrolvwlf Frpshwlwlrq
dqg Rswlpxp Surgxfw Glyhuvlw|1 Dphulfdq Hfrqrplf Uhylhz/ 9:+6,/ 5<:
63;1
Gxqqh/ Wlprwk|/ Pdun M1 Urehuwv/ dqg Oduu| Vdpxhovrq1 4<;<1 Wkh Jurzwk
dqg Idloxuh ri X1V1 Pdqxidfwxulqj Sodqwv1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/
437+7,/ 9:49<;1
Hulfvrq/ Ulfkdug dqg Dulho Sdnhv1 4<<81 PdunryShuihfw Lqgxvwu| G|qdplfv=
D Iudphzrun iru Hpslulfdo Zrun1 Uhylhz ri Hfrqrplf Vwxglhv/ 95+4,/ 86
;51
Ilvfkhu/ Mhuh| K1 dqg Mrvhsk H1 Kduulqjwrq Mu1 4<<91 Surgxfw Ydulhw| dqg
Ilup Djjorphudwlrq1 UDQG Mrxuqdo ri Hfrqrplfv/ 5:+5,/ 5;463<1
Ilvkpdq/ Duwkxu/ dqg Udidho Ure1 4<<;1 Frqvxphu Lqhuwld/ Ilup Jurzwk/
dqg Lqgxvwu| G|qdplfv1 Xqsxeolvkhg Zrunlqj Sdshu/ Xqlyhuvlw| ri Kdlid
dqg Xqlyhuvlw| ri Shqqv|oydqld1
57Jodhvhu/ Hgzdug O1/ Khgl G1 Ndoodo/ Mrvì D1 Vfkhlqnpdq/ dqg Dqguhl Vfkohlihu1
4<<51 Jurzwk lq Flwlhv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433+9,/ 445944851
Jruw/ Plfkdho dqg Vwhyhq Nohsshu1 4<;51 Wlph Sdwkv lq wkh Glxvlrq ri
Surgxfw Lqqrydwlrqv1 Hfrqrplf Mrxuqdo/ <5+Vhswhpehu,/ 9639861
Krshqkd|q/ Kxjr D1 4<<51 Hqwu|/ H{lw/ dqg Ilup G|qdplfv lq Orqj Uxq
Htxloleulxp1 Hfrqrphwulfd/ 93+8,/ 445:44831
Mdfrev/ Mdqh1 4<9<1 Wkh Hfrqrp| ri Flwlhv1 Udqgrp Krxvh/ Qhz \run1
Sdnhv/ Dulho dqg Ulfkdug Hulfvrq1 4<<;1 Hpslulfdo Lpsolfdwlrqv ri Dowhuqd0
wlyh Prghov ri Ilup G|qdplfv1 Mrxuqdo ri Hfrqrplf Wkhru|/ :<+4,/ 4781
Vdors/ Vwhskhq F1 4<:<1 Prqrsrolvwlf Frpshwlwlrq zlwk Rxwvlgh Jrrgv1 Ehoo
Mrxuqdo ri Hfrqrplfv/ 43/ 4744891
Zrolqvn|/ Dvkhu1 4<;91 Wuxh Prqrsrolvwlf Frpshwlwlrq dv d Uhvxow ri Lp0
shuihfw Lqirupdwlrq1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434+6,/ 7<68451
\dwfkhz/ D1 4<<:1 Dq Hohphqwdu| Hvwlpdwru ri wkh Sduwldo Olqhdu Prgho1
Hfrqrplfv Ohwwhuv/ 8:/ 4684761
58Hqgqrwhv
41 Lq idfw/ Urfkhvwhu kdv ihzhu Dssduho dqg Dffhvvru| Vwruhv shu fdslwd/
feb shu 4333 uhvlghqwv/ wkdq grhv Ghwurlw/ fDS shu 4333 uhvlghqwv1
Wklv frpsdulvrq looxvwudwhv wkh lpsruwdqfh ri erwk rxu frqwuro ydul0
deohv dqg wkh uhjuhvvlrq huuru iru ghwhuplqlqj wkh dfwxdo qxpehu ri
hvwdeolvkphqwv vhuylqj dq PVD1
51 Wkh Fhqvxv ri Uhwdlo Wudgh zlwkkhog wkh gdwxp rq Dssduho dqg Df0
fhvvru| Vwruhv* vdohv lq Whuuh Kdxwh Lqgldqd1 Wklv PVD zdv vlpso|
gursshg iurp wklv uhjuhvvlrq/ vr Iljxuh 5 xvhv 5<9 revhuydwlrqv1
61 Lq idfw/ wkh dyhudjh vdohv ri Dssduho dqg Dffhvvru| Vwruhv zdv 2I
odujhu lq Ghwurlw wkdq lq Urfkhvwhu1
71 Vhh Wdeoh 4 iru wkh vrxufh ri wkhvh jxuhv1
81 Wkh Fhqvxv ri Uhwdlo Wudgh uhsruwv hvwdeolvkphqw frxqwv iru Jdvrolqh
Vhuylfh Vwdwlrqv +VLF 887, dqg Guxj Vwruhv +VLF 8<4, vhsdudwho| iurp
wkrvh ri wkhlu sduhqw wzr0gljlw lqgxvwulhv/ Dxwrpreloh Ghdohuv dqg Vhu0
ylfh Vwdwlrqv +VLF 88, dqg Plvfhoodqhrxv Uhwdlo Wudgh +VLF 8<,1 Wklv
vhhpv olnh d vhqvleoh vhsdudwlrq ri wkh gdwd wr xv/ dqg vr zh pdlqwdlq
lw lq rxu zrun1 Zlwk vrph dexvh ri frqyhqwlrqdo whuplqrorj|/ zh uhihu
wr wkhvh lqgxvwulhv froohfwlyho| dv wzr0gljlw lqgxvwulhv1
91 Wkhvh vwdwlvwlfv/ dv zhoo dv dqdorjrxv gdwd iru wkh Uhwdlo Wudgh vhfwru*v
wkuhh0gljlw lqgxvwulhv/ duh irxqg lq Wdeoh 6 ri wkdw yroxph1
:1 Wkh Fhqvxv ri Uhwdlo Wudgh dozd|v uhsruwv hvwdeolvkphqw frxqw gdwd
iru hdfk lqgxvwu|PVD sdlu/ exw wkh Exuhdx ri wkh Fhqvxv vrphwlphv
vxssuhvvhv wkh uhsruwlqj ri wrwdo hpsor|phqw dqg wrwdo vdohv lqirupd0
wlrq iru glvforvxuh uhdvrqv1 Wkhvh glvforvxuh fdvhv duh reylrxvo| qrw d
udqgrp vhohfwlrq iurp rxu vdpsoh/ exw wkh| irup d wulyldo sursruwlrq
ri rxu revhuydwlrqv1 Lq doo ri wkh wzr0gljlw lqgxvwulhv/ wkhuh duh rqo|
hljkw revhuydwlrqv zklfk duh vxssuhvvhg iru glvforvxuh uhdvrqv1 Wzr
ri wkhvh duh lq VLF 86/ Jhqhudo Phufkdqglvh Vwruhv/ rqh lv lq VLF 89/
Dssduho dqg Dffhvvru| Vwruhv/ rqh lv lq VLF 8<4/ Guxj Vwruhv/ dqg irxu
duh lq VLF 8</ Plvfhoodqhrxv Uhwdlo1 Ehfdxvh wkh| irup vxfk d vpdoo
iudfwlrq ri rxu vdpsoh/ zh vlpso| gursshg wkhvh glvforvxuh fdvhv iurp
wkh hvwlpdwlrq ri vxppdu| vwdwlvwlfv dqg uhjuhvvlrq frh!flhqwv1
59;1 Wkhvh jxuhv duh ghulyhg iurp wkh vdohv dqg hvwdeolvkphqw revhuydwlrqv
lq Wdeoh 4 ri wkh 4<<5 Fhqvxv ri Uhwdlo Wudgh*v Jhrjudsklf Duhd Vhulhv
yroxph iru wkh Xqlwhg Vwdwhv1
<1 Wkh VLF frghv iru wkhvh lqgxvwulhv duh 884/ Qhz dqg Xvhg Fdu Ghdohuv>
885/ Xvhg Fdu Ghdohuv> 886/ Dxwr dqg Krph Vxsso| Vwruhv> dqg wkh uh0
pdlqghu ri VLF 88/ Plvfhoodqhrxv Dxwr Ghdohuv1 Wklv uhvlgxdo fdwdjru|
lqfoxghv erwk erdw dqg prwruf|foh ghdohuv dqg lv dq djjuhjdwlrq ri
irxu wkuhh0gljlw VLF frghv1 Zlwk vrph dexvh ri qrwdwlrq/ zh uhihu wr
wklv dv d wkuhh0gljlw lqgxvwu|1 Wkh delolw| wr frqgxfw rxu uhjuhvvlrqv
xvlqj wkhvh revhuydwlrqv lv wkh h{fhswlrq/ qrw wkh uxoh iru wklv gdwd vhw1
Wkh Exuhdx ri wkh Fhqvxv iuhtxhqwo| vxssuhvvhv wkuhh0gljlw vdohv dqg
hpsor|phqw gdwd iru glvforvxuh uhdvrqv ru vlpso| idlov wr uhsruw dq|
gdwd iru vpdoohu PVD*v/ pdnlqj frpsdudeoh dqdo|vhv iru prvw rwkhu
lqgxvwulhv lpsrvvleoh1
431 Iru doo ri Wdeoh ;*v hvwdeolvkphqw uhjuhvvlrqv/ wkh ixoo vdpsoh ri 5<:
PVD*v zdv xvhg1 Wkh vdohv dqg hpsor|phqw gdwd zhuh vxssuhvvhg
iru Xvhg Fdu Ghdohuv lq 46 PVD*v/ iru Dxwr dqg Krph Vxsso| Vwruhv
lq 5 PVD*v/ dqg iru Plvfhoodqhrxv Dxwr Ghdohuv lq 48 PVD*v1 Dv
zlwk wkh uhjuhvvlrqv iru wkh wzr0gljlw lqgxvwulhv/ wkhvh vxssuhvvlrq fdvhv
zhuh vlpso| gursshg iurp wkh vdpsoh zkhq hvwlpdwlqj wkh vdohv dqg
hpsor|phqw uhjuhvvlrqv1
441 Wr dvvhvv wkh pdjqlwxgh ri wklv edqgzlgwk fkrlfh/ lw lv khosixo wr uh0
phpehu wkdw wkh vwdqgdug ghyldwlrq ri orj srsxodwlrq dfurvv rxu vdpsoh
lv dssur{lpdwho| rqh1
451 Qrwh wkdw wkh hvwlpdwhg vorsh iurp wklv uhjuhvvlrq grhv qrw qhfhvvdulo|
htxdo wkh ruglqdu| ohdvw vtxduhv hvwlpdwh ri qr iurp wkh pxowlyduldwh
uhjuhvvlrq1 Lq sudfwlfh/ krzhyhu/ wkhvh hvwlpdwhv duh forvh1 Wkh vorshv
lq Iljxuhv 6 dqg 7 duh ffH dqg ff.b uhvshfwlyho|1
5:Iljxuh 4= Hvwdeolvkphqw Uhjuhvvlrq iru Dssduho dqg Dffhvvru| Vwruhv
5;Iljxuh 5= Vdohv Uhjuhvvlrq iru Dssduho dqg Dffhvvru| Vwruhv
5<Iljxuh 6= Vhplolqhdu Hvwdeolvkphqw Uhjuhvvlrq iru Dssduho dqg Dffhvvru|
Vwruhv
63Iljxuh 7= Vhplolqhdu Vdohv Uhjuhvvlrq iru Dssduho dqg Dffhvvru| Vwruhv
64Wdeoh 4= Dyhudjh Hvwdeolvkphqw Vdohv e| Ilup D!oldwlrq iurp wkh 4<<5 FUW
Ilup D!oldwlrq
Lqgxvwu| Pxowlxqlw Vlqjoh Xqlw Pxowlxqlw2Vlqjoh Xqlw Iudfwlrq Vlqjoh
Doo Uhwdlo Wudgh 54841<7 :8;1:9 51;7 3198
Exloglqj Pdwhuldov 63:5183 ;3<16; 61;3 31:6
dqg Jdughq Vxssolhv
Jhqhudo Phufkdqglvh <7<;139 87<1<< 4:15: 315:
Vwruhv
Irrg Vwruhv 79481<; :6413; 9164 3199
Dxwrpreloh Ghdohuv 75;41<3 737:163 4139 31::
Jdvrolqh Vhuylfh 493<13< <;61:; 4197 3186
Vwdwlrqv
Dssduho dqg <4;1:6 686197 5193 316<
Dffhvvru| Vwruhv
Ixuqlwxuh dqg 4769148 8771<6 5197 3199
Krph Ixuqlvklqjv Vwruhv
Hdwlqj dqg Gulqnlqj ;5;154 63;15; 519< 31:6
Sodfhv
Guxj Vwruhv 593<1:< ;84173 613: 3188
Plvfhoodqhrxv Uhwdlo 4448155 73<147 51:6 31:5
Qrwhv= Pxowlxqlw uhihuv wr hvwdeolvkphqwv rzqhg e| upv zlwk pruh wkdq rqh hvwdeolvk0
phqw/ dqg Vlqjoh Xqlw uhihuv wr hvwdeolvkphqwv rzqhg e| upv zlwk rqo| rqh hvwdeolvk0
phqw1 Vdohv jxuhv uhsruwhg lq wkrxvdqgv ri grooduv1 Pxowlxqlw2Vlqjoh Xqlw lv wkh udwlr
ri wkh dyhudjh vdohv uhsruwhg lq wkh uvw wzr froxpqv1 Iudfwlrq Vlqjoh lv wkh iudfwlrq ri
hvwdeolvkphqwv wkdw duh d!oldwhg zlwk vlqjoh xqlw upv1 Vhh wkh wh{w iru ixuwkhu ghwdlov1
65Wdeoh 5= Vxppdu| Vwdwlvwlfv iru Vdpsoh ri PVD*v
Lqgxvwu| Yduldeoh Dyhudjh Plq1 Pd{1 Vwg1 Ghy1
Doo Uhwdlo Wudgh Hvwde1 9166 7146 46147 3146<
Dyj1 Vdohv 45:< ;7< 548; 3145:
Dyj1 Hps1 451;6 :1<5 4;179 3144<
Jhqhudo Phufkdqglvh Vwruhv Hvwde1 3147 313: 316; 315<9
Dyj1 Vdohv <373 5<<6 63376 3167;
Dyj1 Hps1 :8176 5;188 475164 315:7
Irrg Vwruhv Hvwde1 319; 3166 416; 31564
Dyj1 Vdohv 5643 4359 7774 31559
Dyj1 Hps1 4;1<9 :18< 7;139 31579
Dxwrpreloh Ghdohuv Hvwde1 3176 3146 31:: 3157:
Dyj1 Vdohv 7475 4;86 ;747 315<4
Dyj1 Hps1 461:5 :1<4 551<8 314<8
Hdwlqj dqg Hvwde1 41:< 4137 7159 314;3
Gulqnlqj Sodfhv Dyj1 Vdohv 788 576 :85 3149;
Dyj1 Hps1 49159 :1;: 56154 314:8
Plvfhoodqhrxv Uhwdlo Hvwde1 415: 31:3 6158 3153<
Dyj1 Vdohv 87; 588 5375 31644
Dyj1 Hps1 81<7 6194 45138 314<3
Qrwhv= Dyhudjhv/ plqlpd/ dqg pd{lpd duh dozd|v uhsruwhg iru wkh ohyhov ri wkh uhvshfwlyh
yduldeohv/ dqg vwdqgdug ghyldwlrqv duh uhsruwhg lq orjdulwkpv1 Hvwde1 lv wkh qxpehu ri
hvwdeolvkphqwv lq wkdw lqgxvwu| shu 4333 uhvlghqwv/ Dyj1 Vdohv lv dyhudjh vdohv shu hvwde0
olvkphqw/ lq wkrxvdqgv ri grooduv/ dqg Dyj1 Hps1 lv sdlg hpsor|hhv shu hvwdeolvkphqw1
Vhh wkh wh{w iru pruh ghwdlov uhjduglqj wkh yduldeohv* ghqlwlrqv dqg frqvwuxfwlrq1
66Wdeoh 6= Lqghshqghqw Yduldeohv Xvhg lq wkh Uhjuhvvlrqv
Yduldeoh Ghvfulswlrq Vrxufh
Srsxodwlrq Wrwdo PVD Uhvlghqwv FFGE
Zdjh Dqqxdo Uhwdlo Sd|uroo2Hpsor|phqw FUW
Uhqw Phgldq Uhqw ri d Uhqwhu Rffxslhg Xqlw FFGE
Hpsor|phqw Ghqvlw| Hps1 shu Vtxduh Ploh FES2FFGE
Lqgxvwu| Frqfhqwudwlrq Hps1 Vkduh ri Ilyh Odujhvw Wzr0Gljlw Lqgxvwulhv FES
Lqfrph Phgldq Idplo| Lqfrph FFGE
Sfw1 Eodfn ( ri Srsxodwlrq zklfk lv Eodfn FFGE
Sfw1 Edfkhoru ( ri Srsxodwlrq ryhu 58 zlwk d Froohjh Ghjuhh FFGE
Srsxodwlrq Jurzwk Jurzwk Udwh ehwzhhq 4<;3 dqg 4<<3 Fhqvxvhv FFGE
Vrxufh Qrwhv= FUW lv wkh 4<<5 Fhqvxv ri Uhwdlo Wudgh/ FES lv wkh 4<<5 Frxqw| Exvlqhvv
Sdwwhuqv/ dqg FFGE lv wkh 4<<7 Frxqw| dqg Flw| Gdwd Errn1
67Wdeoh 7= Lqghshqghqw Yduldeohv* Vxppdu| Vwdwlvwlfv
Yduldeoh Dyhudjh Plq1 Pd{1 Vwg1 Ghy1 Fruu1 z2 Srs1
Srsxodwlrq 95:746 89:68 ;;96497 4136 4133
Hpsor|phqw Ghqvlw| 736 61<: 69<4< 4165 31:7
Lqgxvwu| Frqfhqwudwlrq 6:177 5:165 941<6 8144 0315;
Uhqw 746 5:: :<3 3154 3186
+lq fxuuhqw grooduv,
Zdjh 59<< 5473 7387 3144 3187
+lq fxuuhqw grooduv,
Lqfrph 673:; 4:94< 89;;7 314: 317;
+lq fxuuhqw grooduv,
( Eodfn 43193 313; 781:: 43153 314:
( Edfkhoru 4<189 <178 77133 9158 3159
Srsxodwlrq Jurzwk 43187 0481<; 95133 46133 314;
Qrwhv= Dyhudjhv/ plqlpd/ dqg pd{lpd duh dozd|v uhsruwhg iru wkh ohyhov ri wkh uhvshf0
wlyh yduldeohv1 Vwdqgdug ghyldwlrqv duh uhsruwhg lq orjdulwkpv li wkh yduldeoh hqwhuv wkh
uhjuhvvlrq lq orjdulwkpv1 Rwkhuzlvh/ lw lv uhsruwhg lq ohyhov1 Fruu1 z2 Srs1 uhsruwv
wkh yduldeohv* fruuhodwlrqv zlwk srsxodwlrq*v orjdulwkp1 Vlploduo|/ wkh fruuhodwlrq xvhv d
yduldeoh*v orjdulwkp li wkdw yduldeoh hqwhuv wkh uhjuhvvlrq lq orjdulwkpv1 Vhh wkh wh{w iru
pruh ghwdlov uhjduglqj wkh yduldeohv* ghqlwlrqv dqg frqvwuxfwlrq1
68Wdeoh 8= ROV Hvwlpdwhv iru Dssduho dqg Dffhvvru| Vwruhv
Ghshqghqw Yduldeoh
Hvwde1 Dyj1 Vdohv Dyj1 Hps1
Srsxodwlrq 0313<;6 313:<5 3137<8
+07193, +8167, +7134,
Hpsor|phqw Ghqvlw| 31394; 3134:; 3134:5
+617:, +4173, +4179,
Lqgxvwu| Frqfhqwudwlrq 31339; 0313<:; 0314383
+3135, +03177, +03188,
Uhqw 316<:3 0314<;9 031583;
+5165, +04183, +05173,
Zdjh 0313573 31;6:; 314634
+0313<, +7173, +31;5,
Lqfrph 0316<<6 031398: 314786
+05133, +03173, +4147,
( Eodfn 31335: 313343 313348
+5164, +31<4, +4199,
( Edfkhoru 3133;9 3133;4 3133:8
+519;, +6197, +713<,
Srsxodwlrq Jurzwk 314;79 03136<5 03138;8
+4138, +0316;, +03196,
-2 3149 3177 3163
Vdpsoh Vl}h 5<: 5<9 5<9
Qrwhv= Hvwde1 uhihuv wr wkh orjdulwkp ri hvwdeolvkphqwv shu fdslwd/ Dyj1 Vdohv uhihuv
wr wkh orjdulwkp ri wkh ydoxh ri hvwdeolvkphqwv* dyhudjh vdohv/ dqg Dyj1 Hps1 uhihuv
wr wkh orjdulwkp ri hvwdeolvkphqwv* dyhudjh hpsor|phqw1 Khwhurvnhgdvwlflw| frqvlvwhqw
w0vwdwlvwlfv dsshdu ehorz hdfk hvwlpdwhg frh!flhqw lq sduhqwkhvhv1 Vhh wkh wh{w iru ixuwkhu
ghwdlov1
69Wdeoh 9= PVD Srsxodwlrq*v Uhjuhvvlrq Frh!flhqwv
Ghshqghqw Yduldeoh
Lqgxvwu| Hvwde1 Dyj1 Vdohv Dyj1 Hps1
Doo Uhwdlo Wudgh 0313;3 31375 31375
+0913:, +717;, +71<5,
Exloglqj Pdwhuldov dqg Jdughq Vxssolhv 031445 031338 31359
+071;<, +03155, +4169,
Jhqhudo Phufkdqglvh Vwruhv 031479 31449 31435
+0:184, +61;<, +717<,
Irrg Vwruhv 031398 31357 31357
+06156, +4175, +414;,
Dxwr Ghdohuv 0313:: 313<9 313:<
+07173, +81<4, +916<,
Jdvrolqh Vhuylfh Vwdwlrqv 0313;; 313:< 31377
+0814;, +8173, +51:<,
Dssduho dqg Dffhvvru| Vwruhv 0313<; 313:< 31383
+07193, +8167, +7134,
Ixuqlwxuh dqg Krph Ixuqlvklqjv Vwruhv 031433 313<8 31383
+0814;, +8199, +7156,
Hdwlqj dqg Gulqnlqj Sodfhv 03136< 31353 31363
+05183, +4196, +5173,
Guxj Vwruhv 031383 31348 3134:
+041<7, +3195, +31;:,
Plvfhoodqhrxv Uhwdlo 0313;8 31363 31366
+08138, +4137, +513:,
Qrwhv= Hvwde1 uhihuv wr wkh orjdulwkp ri hvwdeolvkphqwv shu fdslwd/ Dyj1 Vdohv uhihuv
wr wkh orjdulwkp ri wkh ydoxh ri hvwdeolvkphqwv* dyhudjh vdohv/ dqg Dyj1 Hps1 uhihuv
wr wkh orjdulwkp ri hvwdeolvkphqwv* dyhudjh hpsor|phqw1 Khwhurvnhgdvwlflw| frqvlvwhqw
w0vwdwlvwlfv dsshdu ehorz hdfk hvwlpdwhg frh!flhqw lq sduhqwkhvhv1 Vhh wkh wh{w iru ixuwkhu
ghwdlov1
6:Wdeoh := .20 Wdeoh iru Frqwuro Yduldeohv* Frh!flhqwv
Ghshqghqw Yduldeoh
Hvwde1 Dyj1 Vdohv Dyj1 Hps1
Hpsor|phqw Ghqvlw| 823 526 325
Lqgxvwu| Frqfhqwudwlrq 324 524 423
Srsxodwlrq Jurzwk 624 723 723
Uhqw 625 328 32:
Zdjhv 424 823 326
Lqfrph 526 923 ;23
( Eodfn :25 429 429
( Edfkhoru 628 ;24 ;23
Qrwh= Hdfk fhoo*v uvw hohphqw jlyhv wkh qxpehu ri wzr0gljlw uhwdlo wudgh lqgxvwu| uhjuhv0
vlrqv lq zklfk wkh fruuhvsrqglqj w0vwdwlvwlf zdv juhdwhu wkdq 41<9/ dqg hdfk fhoo*v vhfrqg
hohphqw jlyhv wkh qxpehu ri vxfk uhjuhvvlrqv iru zklfk wkh w0vwdwlvwlfv zhuh ohvv wkdq 041<91
Hvwde1 uhihuv wr wkh orjdulwkp ri hvwdeolvkphqwv shu fdslwd/ Dyj1 Vdohv uhihuv wr wkh
orjdulwkp ri wkh ydoxh ri hvwdeolvkphqwv* dyhudjh vdohv/ dqg Dyj1 Hps1 uhihuv wr wkh
orjdulwkp ri hvwdeolvkphqwv* dyhudjh hpsor|phqw1
6;Wdeoh ;= Uhjuhvvlrq Frh!flhqwv rq PVD Srsxodwlrq iru Dxwr Ghdohuv* Frq0
vwlwxhqw Lqgxvwulhv
Ghshqghqw Yduldeoh
Lqgxvwu| Hvwde1 Dyj1 Vdohv Dyj1 Hps1
Dxwr Ghdohuv 0313:: 313<9 313:<
+07173, +81<4, +916<,
Qhz dqg Xvhg Fdu Ghdohuv 031438 31467 3144:
+071<8, +71;5, +8164,
Xvhg Fdu Ghdohuv 031488 31397 313<4
+061:8, +41;8, +615;,
Dxwr dqg Krph Vxsso| Vwruhv 31354 3133; 31339
+31<4, +316<, +3169,
Plvfhoodqhrxv Dxwr Ghdohuv 031445 314:9 3146:
+05176, +71:3, +7136,
Qrwhv= Hvwde1 uhihuv wr wkh orjdulwkp ri hvwdeolvkphqwv shu fdslwd/ Dyj1 Vdohv uhihuv
wr wkh orjdulwkp ri wkh ydoxh ri hvwdeolvkphqwv* dyhudjh vdohv/ dqg Dyj1 Hps1 uhihuv
wr wkh orjdulwkp ri hvwdeolvkphqwv* dyhudjh hpsor|phqw1 Khwhurvnhgdvwlflw| frqvlvwhqw
w0vwdwlvwlfv dsshdu ehorz hdfk hvwlpdwhg frh!flhqw lq sduhqwkhvhv1 Vhh wkh wh{w iru ixuwkhu
ghwdlov1
6<Wdeoh <= Whvwv ri Olqhdu Uhjuhvvlrq Vshflfdwlrq Djdlqvw d Vhplolqhdu Do0
whuqdwlyh
Ghshqghqw Yduldeoh
Lqgxvwu| Hvwde1 Dyj1 Vdohv Dyj1 Hps1
Doo Uhwdlo Wudgh 4156 3194 4145
Exloglqj Pdwhuldov dqg Jdughq Vxssolhv 3175 03198 0417:
Jhqhudo Phufkdqglvh Vwruhv 3188 316: 3136
Irrg Vwruhv 03154 3165 5148
Dxwr Ghdohuv 317; 03173 03139
Jdvrolqh Vhuylfh Vwdwlrqv 03157 31<; 3136
Dssduho dqg Dffhvvru| Vwruhv 4194 415: 03189
Ixuqlwxuh dqg Krph Ixuqlvklqjv Vwruhv 03185 031;9 031<<
Hdwlqj dqg Gulqnlqj Sodfhv 41<3 3163 515<
Guxj Vwruhv 3147 04145 04138
Plvfhoodqhrxv Uhwdlo 3157 416< 413<
Qrwhv= Hdfk fhoo frqwdlqv \dwfkhz*v +4<<:, whvw vwdwlvwlf ri wkh qxoo k|srwkhvlv wkdw wkh
uhjuhvvlrq ixqfwlrq lv olqhdu lq doo yduldeohv yhuvxv wkh vhplolqhdu dowhuqdwlyh k|srwkhvlv1
Xqghu wkh qxoo k|srwkhvlv/ wkh vwdwlvwlfv kdyh d vwdqgdug qrupdo glvwulexwlrq1 Vhh \dwfkhz
+4<<:, dqg wkh wh{w iru pruh ghwdlov uhjuduglqj wkh whvw*v frqvwuxfwlrq1 Hvwde1 uhihuv
wr wkh orjdulwkp ri hvwdeolvkphqwv shu fdslwd/ Dyj1 Vdohv uhihuv wr wkh orjdulwkp ri
wkh ydoxh ri hvwdeolvkphqwv* dyhudjh vdohv/ dqg Dyj1 Hps1 uhihuv wr wkh orjdulwkp ri
hvwdeolvkphqwv* dyhudjh hpsor|phqw1
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